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INTRODUCTION 
Quality refers to the physical or nonphysical characteristics that 
constitute the basic nature of an entity. A commodity, an entity that 
is an article of commerce, possesses n quality characteristics where 
n may be in the thousands. The n characteristics may or may not be 
independent variables. For example, every commodity has chemical and 
physical characteristics distinctive for its class, be it a bushel of 
com, an orange, or an automobile. 
As an ideal, economic price theory assumes a perfectly homogeneous 
commodity in its attempt to explain the price of the commodity. Perfectly 
homogeneous commodities are rare in the world of commerce because of chem­
ical and physical differences and because of space and time dimensions. 
Nevertheless, price analysis has been concerned almost entirely with the 
price effects of quantity variation while largely neglecting the price 
dispersion problem arising from quality variation of commodities. 
The theory of consumer choice states: 1) consumers know their market 
options, 2) they can form a preference ordering, and 3) they will then act 
on the basis of their preference ordering. However, consumers often do 
not buy what they say they prefer. Consumers may prefer steak to ham­
burger, yet they will buy hamburger. One explanation for this phenomenon 
is that consumers are buying meat quality characteristics and that the 
meat quality characteristics of steak are overpriced. Consumers may opti­
mize over commodity characteristics subject to their budget constraints, 
rather than optimize over commodities. Two lots of the same commodity may 
possess different levels and mixtures of quality characteristics. 
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The optimal allocation of scarce resources among competing ends for 
the maximization of consumer utility is the objective under the principle 
of consumer sovereignty. Hence, a theory of price for quality character­
istics coupled with an empirical method that would measure the prices of 
relevant commodity quality characteristics would have significant impli­
cations in economic theory and practical applications in the commercial 
world. 
Theory and method support each other in the development of economic 
science with theory providing hypotheses for method to test and method 
providing factual background for the creation of new theoretical hypoth­
eses. Theory and method must be applied to a real problem in order to 
evaluate their scope and usefulness. The economic evaluation of grading 
and standardization systems would be one important application for a 
theory and method concerning price measurements for quality character­
istics. Williams (77) discusses the need for economists to study 
alternative definitions and concepts associated with the term "quality". 
Further applications of theory and method would include the economic 
evaluation of developing, processing, and merchandising commodities that 
consist of several quality characteristics, and whose composition and 
levels of quality characteristics are subject to managerial decision. 
The theory and method would have value throughout the economic process 
of building complex arrangements of quality characteristics from raw 
materials with the application of labor, capital, and management. 
Agricultural commodities are produced with widely varying distribu­
tions of quality characteristics. Both seasonal and regional differences 
in characteristic distributions are known to occur. Agricultural 
4 
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commodities are channeled into separate markets because of different 
characteristic requirements by different types of processors. Fluid 
versus manufacturing milk and fresh versus processing fruit are just 
two examples. Since demand functions reflect underlying preference 
functions and income distributions, economic efficiency is enhanced if 
the best quality segment of the commodity supply is demanded by the most 
exacting and the most affluent consumers and if the lower quality segments 
of the commodity supply are demanded by less exacting and less affluent 
consumers. However, price is only a one dimensional measurement of 
commodity quality and price may or may not be an indicator of the mix 
or level of quality characteristics which a consumer may desire. 
In order to provide more complete information about quality of 
agricultural commodities, grading systems have been evolved. In his 
very early article in the Journal of Farm Economics of 1919, Livingston 
(40) mentions the need for study of the economics of standardization of 
grades as one of the fundamental problems in marketing farm products. 
Waugh (74) made an early contribution in his study of quality factors 
influencing vegetable prices. Using linear regression» he was able to 
determine the quality factors economically important in the pricing of 
asparagus, tomatoes, and cucumbers. 
Waits (73) states that grades must bear some relationship to price, 
and here is where important services may be rendered by the economist. 
Specifications must be so combined in grades as to result in important 
price differences among these grades; otherwise the grading becomes 
meaningless from an economic viewpoint. 
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While engineers can usually develop a machine to objectively measure 
any physical characteristic, this capacity does not mean that the 
characteristic should be included in the standardization scheme. The 
determination of the quality characteristics to be used in the evaluation 
of a sample of a commodity involves economic, statistical, and institu­
tional criteria as well as physical criteria, since a grading system 
should only generate the information about quality characteristics needed 
by traders to perform their marketing activities. 
Many of our present agricultural grading systems may be highly 
inefficient. Quality characteristics that are economically unimportant 
may be measured while quality characteristics that are economically 
important may not be measured. The exclusion of oil and protein and the 
inclusion of splits and test weight in the soybean grading system is one 
possible example. 
MacGibbon (41) discusses how the wheat standards, by failing to 
include a measure of milling quality, such as protein content, did not 
accurately reveal the quality information desired by millers. MacGibbon 
even suggests that factitious values in wheat lands may be created by 
imperfect methods of wheat classification. Larson (3$) states the need 
for study of standardization, quality factors, and premiums in grain 
Theories need to be developed to measure the price of agricultural 
commodity characteristics and to determine their sensitivity to changes 
in the commodity price. The theory of the consumer and the theory of the 
firm can be extended to price characteristics of consumer products and 
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producer inputs, respectively. Suvanmnt (58) used the theory of the 
consumer to price characteristics of consumer products. 
In recent years the United States com industry has experienced: 
a) greatly increased annual production, b) an increasing proportion of 
the crop sold off-the-farm, and c) expanding com exports. The shift to 
field shelling of com has exacerbated maintaining quality in stored 
corn because of harvest at higher moisture levels, high impact shelling 
action of combines, and artificial drying of com with heated air (12). 
These significant changes in com production and marketing have precipi­
tated the need to investigate the relevancy and accuracy of the present 
com grading system. 
Maywald (43) suggests that the words "grain-quality analysis" be 
substituted for grain grading. He states that the dual mission of any 
system of quality analysis is to identify, measure, and describe the 
grain's quality characteristics precisely enough to enable the producer 
to make certain that he is fairly compensated for the quality of the grain 
he offers in the market and to allow the buyer to make a sophisticated 
selection of the quality he can utilize most profitably. The grain trade 
must adjust to any quality-analysis sytem that serves the needs of the 
producers and the consumers. Maywald contends, "The current numerical 
com grades are not only outdated, but are counter-productive because thsy 
penalize the producer, they burden the grain warehouseman, and they fur­
nish the user insufficient and often irrelevant, if not misleading, infor­
mation." In the United States most com merchandisers and processors base 
their contracts on specific factors and ignore numerical grades. Discount 
schedules, without premium schedules, for moisture and for test weight. 
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and the foreign material classification, which makes no distinction 
between extraneous material and com material, are confusions encouraged 
by the present com grading system. 
Klopfenstein (35) discusses the change in corn marketing caused by 
the technological change of field shelling of com. Every crop will be 
harvested early, fast, and wet with accompanying moisture and broken com 
conditioning problems. Study of pricing of corn quality characteristics 
is needed for the calculation of efficient quality discounts and premiums. 
The problem of high moisture com and mechanically damaged kemels is 
at the heart of several com quality problems including mold growths, 
toxins, insect infestations, and excessively broken com. Thompson and 
Foster (63) reported that shelled com dried with heated air (140° to 240° 
F) was two to three times more susceptible to breakage than the same com 
dried with unheated air. Stress cracks (endosperm fissures), while 
practically nonexistent in crib-dried ear com, were found in all samples 
of shelled com dried artificially and accounted for much of the increased 
susceptibility to breakage. Such breakage contributes to downgrading of 
com and to its susceptibility to molds and insect damage. 
Objectives 
The primary objective of this study is to develop economic models 
for the evaluation of alternative com grading systems. The study does 
not examine physical methods of sampling and quality-analysis procedures 
nor the institutional structure. 
The technical objective of this study is to develop computational 
approaches to pricing quality characteristics. Linear programming is 
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one technique to be used. Emphasis is placed on using the duality 
properties of linear programming to obtain implicit prices for 
characteristics. An attempt is made to develop a workable model that 
can be modified or expanded to meet alternative specifications for 
com or for other commodities. 
A complementary objective is to determine the distributions and 
interrelationships of relevant quality measurements in com delivered 
by producers, in com shipped by country and terminal elevators, and 
in com shipped to export outlets. A further complementary objective 
is to survey com merchandisers and proceesors to determine quality 
characteristics desired, their relative importance, and their acceptable 
levels of quality. 
Accomplishment of the objective to evaluate alternative com 
grading systems and to quantitatively price quality characteristics 
would be of use throughout the com marketing system. Com merchandisers 
would find prices of quality characteristics important in their buying 
and blending operations. Corn processors would find characteristic 
prices valuable in their purchasing activity of com which meets their 
quality specifications. Characteristic prices would be helpful in 
determining accurate premium and discount levels for quality charac­
teristics. 
Procedure 
The order of presentation is first to discuss the production and 
utilization pattems of com together with the evolution of the 
present com grading system. A discussion of quality and the functions 
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of grading in agricultural marketing will be followed by economic and 
statistical criteria for establishing grading systems. Theoretical 
models for measuring prices of quality characteristics will be 
developed. Empirical models based on the computational tool of linear 
programming will then be developed to measure quality characteristic 
prices using the properties of duality. The objective function, the 
relevant coefficients, the necessary restrictions, and the program 
matrix will be formulated to allow the economic evaluation of grading 
systems. 
Data from market com samples and from com industry question­
naires will be analyzed. Market com samples were collected from 
fall producer-delivered com, winter country elevator rail-shipped 
com, winter terminal elevator rail-received and rail-shipped com, 
and spring tmck-received and barge-shipped com. Samples were 
inspected for the traditional grade factors of moisture, test weight, 
broken com and foreign material, and total damage, for visible and 
hidden mechanical damage, for germination, and for breakage. Com 
industiry questionnaires were mailed to Iowa country elevators, wet 
com millers, dry com millers, distillers, feed manufacturers, 
export elevators, and agricultural attaches in nine countries that 
import com from the Itoited States. 
Dry matter grading, milling quality grading, export quality 
grading, storage quality grading, and elimination of numerical 
grading will be several altemative grading systems to be discussed. 
Research implications will be made for com buying and blending. 
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corn breeding and production, special com markets, and for other 
commodities. 
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CORN MARKETING IN THE UNITED STATES 
Com, known botanically as Zea mays, is the largest crop in the 
United States whether measured in bushels, acres, or dollar value. It 
is exceeded in cash receipts to farmers only by cattle and calves, dairy 
products, and hogs, in that order. Com contributes toward much of the 
final value of these commodities as a feed input. The annual United 
States crop of field com is valued at about $5.5 billion. Between 85 
and 90 percent of the field com acreage is harvested for grain with the 
remainder used for silage, hogging down, grazing, and forage. In recent 
years farmers have received more than $2.5 billion for the approximately 
one-half of their total com production that they sell for grain. 
Production 
Since the mid 1930*s, total acreage of corn for grain has declined 
30 percent, production has doubled, and the yield per acre has tripled. 
Acreage, yield, and production for the past selected years are given in 
Table 1. The largest acreage of production, 97 million, was harvested 
in 1932. Highest yield per harvested acre, 85.8 bushels, and greatest 
total production, 5.5 billion bushels, were reached in 1971. Although 
com is produced in all 48 contiguous states of the continental Ifcfted 
States, more than one-half the com-for-grain is grown in the Com Belt. 
Iowa, Illinois, and Indiana together contributed 50 percent of the total 
United States production of com-for-grain in 1971. Table 2 gives the 
corn-for-grain acreage harvested, yield per harvested acre, and production, 
respectively, for selected corn growing states for 1968, 1969, 1970, 1971. 
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Table 1. Acreage, yield, and production of com in the Itaited States 
1929-1971 (67, p. 6; 68, p. 9) 
Harvested acres com Yield per 
harvested for grain harvested acre Production 
Year (1,000 acres) (bushels per acre) (1,000 bushels) 
1929 83,194 25.7 2,135,038 
1930 85,525 20.5 1,757,297 
1931 91,131 24.5 2,229,903 
1932 97,213 26.5 2,578,685 
1933 92,130 22.8 2,104,725 
1934 61,245 18.7 1,146,734 
1935 82,551 24.2 2,001,367 
1936 67,833 18.6 1,258,673 
1937 81,222 28.9 2,349,425 
1938 82,788 27.8 2,300,095 
1939 78,307 29.9 2,341,602 
1940 76,443 28.9 2,206,882 
1941 77,404 31.2 2,414,445 
1942 79,213 35.4 2,801,819 
1943 81,906 32.6 2,668,490 
1944 85,002 33.0 2,801,612 
1945 77,928 33.1 2,577,449 
1946 78,410 37.2 2,916,089 
1947 73,802 28.6 2,108,320 
1948 76,840 43.0 3,307,038 
1949 77,106 38.2 2,946,206 
1950 72,398 38.2 2,764,071 
1951 71,191 36.9 2,628,937 
1952 71,353 41.8 2,980,793 
1953 70,738 40.7 2,881,801 
1954 68,668 39.4 2,707,913 
1955 68,462 42.0 2,872,959 
1956 64,877 47.4 3,075,336 
1957 63,065 48.3 3,045,355 
1958 63,549 52.8 3,356,205 
1959 72,091 53.1 3,824,598 
1960 71,422 54.7 3,906,949 
1961 57,634 62.4 3,597,803 
1962 55,726 64.7 3,606,311 
1963 59,227 67.9 4,019,238 
1964 55,369 62.9 3;4R4;253 
1965 55,332 73.8 4,084,342 
1966 56,933 72.3 4,117,355 
1967 60,557 78.6 4,760,076 
1968 55,880 78.6 4,393,273 
1969 54,598 83.9 4,582,534 
1970 57,224 71.6 4,099,453 
1971* 63,819 86.8 5,540,253 
Preliminary. 
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Table 2. Corn: production by states, annual 1968-1971 (million bushels) 
(64, p. 9) 
State 1968 1969 1970 197ia 
New York 17 19 22 26 
New Jersey 4 5 5 5 
Pennsylvania 57 76 80 83 
Ohio 242 233 232 314 
Indian; 407 455 372 526 
Illinois 898 951 745 1,043 
Michigan 96 94 114 119 
Wisconsin 163 140 144 197 
Minnesota 368 352 390 469 
Iowa 912 932 859 1,214 
Missouri 24% 182 173 267 
North Dakota 7 7 7 8 
South Dakota 110 139 102 118 
Nebraska 314 430 367 466 
Kansas 85 91 80 115 
Delaware 9 13 14 12 
Marylc'iid 32 39 40 37 
Virginia 31 33 31 31 
West Virginia 2 3 3 4 
North Carolina 81 87 67 90 
South Carolina 17 19 11 27 
Georgia 58 47 44 83 
Florida 16 14 8 17 
Kentucky 69 77 49 89 
Tennessee 31 28 23 34 
Alabama 22 17 13 25 
Mississippi 15 10 7 10 
Arkansas 2 2 2 2 
Louisiana 6 4 5 4 
Oklahoma 3 4 5 5 
Texas 26 25 32 33 
Colorado 22 28 32 37 
California 18 18 21 28 
Other states 7 9 11 14 
Ifeited States 4,393 4,583 4,110 5,552 
^ased on November 1, 1971 indications. 
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The switch from ear com harvesting with the mechanical picker to 
shelled com harvesting with the combine or with the picker-sheller was 
the big technological change in United States com production in the last 
decade. Many of the com quality problems facing the corn trade today 
arise from this change in harvesting method. Table 3 presents the 
percentage of the corn acreage harvested by three designated methods for 
four selected years in four leading com producing states. 
Table 3. Percent of com acreage harvested by designated methods, 
selected states, 1964, 1967, 1970, 1971 (30) 
Mechanical picker Field picker-sheller Com head on combine 
1964 1967 1970 1971 1964 1967 1970 1971 1964 1967 1970 1971 
State (percent) (percent) (percent) 
Iowa 81.2 60.5 45.8 41.8 6.0 7.7 8.4 8.1 12.7 31.5 45.6 49.8 
111. 55.0 36.0 24.0 23.0 7.0 8.0 7.5 8.0 38.0 56.0 68.5 69.0 
Ind. 47.2 28.8 22.7 23.2 7.0 8.7 7.3 7.7 45.1 62.2 69.0 68.3 
Minn. _a 58.4 40.5 34.4 _a 9.4 8.8 8.6 _a 31.4 50.5 56.7 
"Not available. 
Table 4 presents the percentage of com-for-grain handled by two 
methods at harvest for five selected states, 1968-1971, while Table 5 pre­
sents the percentage of com-for-grain dried by two methods on farms in 
selected states, 1968-1971. 
Utilization 
While feed for livestock is the dominant use, com finds large 
markets in food and industrial uses and in the export markets. Com 
supply and utilization for 1968-1971 are presented in Table 5. 
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Table 4. Corn for grain: methods of handling at harvest, selected 
states, 1968-1971 (in percent) (30) 
State 1968 1969 1970 1971 
Marketed direct from field 
Iowa 11.3 13.5 13.1 10.2 
Illinois 16.5 20.5 21.5 19.0 
Indiana 27.4 30.4 29.3 25.6 
Minnesota 16.7 15.1 18.4 12.0 
Wisconsin 14.7 16.8 13.0 
Stored by producer off-farm 
Iowa 6.8 8.0 7.8 11.9 
Illinois 10.5 12.0 13.5 19.5 
Indiana 9.4 10.3 12.3 14.4 
Minnesota 2.3 4.3 5.0 6.3 
Wisconsin 4.8 4.9 8.2 
%ot available. 
Table 5. Com for grain: drying of com stored on farms, selected 
states, 1968-1971 (in percent) (30) 
State 1968 1969 1970 1971 
Naturally in field or storage 
Iowa 68.1 61.5 57.0 55.1 
Illinois 48.5 47.5 34.0 38.5 
Indiana 46.3 41.1 36.7 31.0 
Minnesota 55.4 51.2 45.2 36.8 
Wisconsin 49.8 37.3 43.8 
Iowa 26.8 35.1 40.6 42.5 
Illinois 50.0 51.5 65.0 60.0 
Indiana 52.6 57.0 62.3 65.0 
Minnesota 42.3 46.6 50.9 57.0 
Wisconsin 49.0 60.9 54.2 
^Not available. 
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Table 6. Com supply and utilization, annual 1968-1971 (million bushels) 
(65, p. 7) 
Corn 1968 1969 1970* 1971 
Supply 
Carryover (Octcber 1) 1,162 
Production 4,393 
Imports 1 
Total supply 5,556 
Pis tribution 
Food and industry^ 
Wet-process products^ 221 
Dry-process products: 
Breakfast foods 22 
Commeal, hominy, grits® 114 
Alcohol, distilled spirits 33 
Total distribution 390 
Domestic use 
Food and industry^ 374 
Seed 12 
Livestock feed 3.521 
Total domestic use 3,907 
Exports 
Grain 520 
Products^ 16 
Total exports 536 
Total utilization 4,443 
Carryover at end of year 1.113 
b 
1,113 999 663 
4,583 4,099 5,540 
1 4 1 
5,697 5,102 6,204 
226 229 235 
22 22 22 
116 119 120 
31 24 25 
39 5 39 4 402 
381 379 386 
13 17 16 
3.692 3.526 3.902 
4,086 3,922 4,304 
598 502 638 
14 15 12 
612 517 650 
4,698 4,439 4,954 
999 663 1,250 
Preliminary. 
^Preliminary; utilization and carryover at end of year based on indi­
cations in May 1972. 
^Total quantities processed and breakdown between domestic use and 
experts. (Export of products plus food and industry domestic use equal 
total distribution of food and industry.) 
"^Used in production of starch, syrup, and sugar; reported by members 
of Com Refiners Association, Inc., 1963-1966; 1967 to date unofficial 
estimates. 
®Estimated quantities used commercially for food, for brewers' use 
and for farm household use. 
^Residual; includes small quantities for other uses and waste. 
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Livestock feed is corn's dominant market, taking 78 percent of the 
4.4 billion bushels used annually during the 1965-1968 period. The 
different classes of livestock consumed the following approximate 
percentages of the com used for livestock feed in recent years: 
hogs 40%, cattle and milk cows 30%, poultry 20%, and other livestock 
10%. 
Slightly less than 10 percent of the com that moves into final 
market goes to food and industrial uses. These markets used more than 
390 million bushels annually during the 1968-1971 period. Table 7 
presents the distribution of com processed into food and industrial 
products for the years 1956-1970. 
Table 7. Food and industrial utilization of com, annual 1956-1970 
(million bushels) (67, p. 17; 68, p. 5) 
Breakfast Commeal Wet process Alcohol and 
Year foods and grits products distilled spirits Total 
1956 14 86 140 29 269 
1957 14 85 142 27 268 
1958 ^ c 92 152 34 293 
1959 16 95 154 31 296 
1960 16 96 155 33 300 
1961 17 102 169 36 324 
1962 18 105 179 28 330 
1963 19 111 195 26 351 
1964 19 110 201 28 358 
1965 20 111 204 30 365 
1966 21 117 205 33 376 
1967 21 117 213 34 385 
1968 22 114 221 33 390 
1969 22 116 226 31 395 
1970® 22 119 229 24 394 
^Preliminary 
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The wet milling process accounted for 62 percent and the dry process 
for 38 percent of the com milled for food and industrial use during 
1968-1971. This is the reverse of their relative position in the late 
1930's when the wet process accounted for only 42.5 percent of the total. 
Dry processors use yellow shelled com in i^nufacturing commeal and com 
flour, and use white shelled com in manufacturing hominy, brewers' grits, 
commeal, and com flour. Most dry process products go to food uses. 
Wet processors produced an annual shipment of 2.7 billion pounds of 
com starch, 1.1 billion pounds of com sugar, 2.9 billion pounds of com 
syrup, 361 million pounds of com oil, 1.5 million tons of gluten feed 
and meal, and 24 thousand tons of com oil meal during the 1965-1967 
period. Com starch is used in foods, textiles, paper, and other indus­
trial uses. Of the more than 90 percent of the corn oil used for food, 
one-half or more is used as salad and cooking oil and about 40 percent is 
used as margarine. Corn sugar and com syrup have many food uses such 
as in candy, ice cream, and prepared mixes as well as various industrial 
uses. 
Com is also used in the production of alcohol, distilled spirits, 
and fermented malt liquors, although this use is less than 1 percent of 
total com use. Table 8 presents the number of bushels used for these 
purposes. 
The nine member companies of the Corn Refiners Association, who do 
the great bulk of the wet processing of com in the United States, 
reported in a 1970 survey where they purchased their corn grain and the 
states in which they bought. Table 9 presents this information. 
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Table 8. Corn and com products used in the production of alcohol, dis­
tilled spirits, and fermented malt liquors, 1956-1970 (thousand 
bushels) (67» p. 32; 68, p. 14) 
Marketing year 
October-SeDtember 
Alcohol and 
distilled spirits 
Fermented malt 
liquors^ Total 
1956 28,750 28,420 57,170 
1957 27,455 29,080 56,535 
1958 33,681 31,297 64,978 
1959 30,977 31,429 62,406 
1960 32,670 31,642 64,312 
1961 36,381 32,925 69,306 
1962 28,165 36,387 64,552 
1963 25,839 39,127 64,966 
1964 27,704 39,467 67,171 
1965 29,830 40,688 70,518 
1966 32,627 40,658 73,285 
1967 33,980 40,247 74,227 
1968 33,024 41,537 74,561 
1969^ 31,202 43,131 74,333 
1970° 24,030 45,221 69,251 
Principally com grits and flakes. Conversion to grain equivalent 
is based on a factor of approximately 33 pounds of product equal to one 
bushel of com. 
^Preliminary. 
Table 9. Com purchases by nine member companies of the Com Refiners 
Association by source and by state (in percent) (13, p. 9) 
1967 1968 1969 
Source 
Farms 
Country elevators 
Terminal elevators 
Government stocks 
State 
Illinois 
Iowa 
Indiana 
Nebraska 
Missouri 
Minnesota 
South Dakota 
6.0 
79.1 
14.4 
0.5 
100.0 
50.7 
32.7 
9.6 
1.1 
4.5 
0 . 8  
0 . 6  
100.0 
7.5 
78.6 
13.5 
0.4 
100.0 
56.5 
28.7 
9.3 
1.4 
3.2 
0 . 6  
0.3 
100.0 
8 . 2  
81.0 
10.5 
0.3 
100.0 
49.1 
34.3 
12.6 
0 .8  
2.0 
0 .8  
0.4 
100.0 
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Corn is an important crop in several foreign countries, although the 
United States produces about one-half the world's total crop of com. 
Table 10 presents the amounts of com produced by major exporting countries 
and the world total production in recent years. 
Table 10. World com production and com production in major exporting 
countries, average annual 1964-1968 and annual 1969-1971 
(thousands of metric tons) (69, 70) 
Country Average 1964-68 1969 1970 19713 
United States 105,868 116,401 104,131 140,728 
Mexico 8,160 6,500 8,700 9,000 
Argentina 6,720 9,360 9,930 5,800 
Brazil 11,986 14,161 13,500 14,500 
France 3,869 5,723 7,581 8,771 
South Africa 5,962 6,135 8,582 10,270 
Thailand 1,171 1,700 1,950 2,200 
World total 232,437 285,255 253,093 291,258 
^Preliminary. 
Corn exports from the United States have taken 10 to 15 percent of 
United States production in recent years. Table 11 presents the number of 
bushels exported from the United States for the past 15 years. The U.S. 
supplies about one-half of the world total exports of com, while com 
constitutes about three-fourths of total United States feed grain exports. 
About three-fourths of the total market for com that enters inter­
national trade is in Europe, although Japan is also a leading com import­
er. Developed countries use about 85 percent of their coarse grains for 
livestock feed and less than 10 percent for food, while less developed 
countries use about two-thirds of their coarse grains for food and less 
than one—fourth for feed. Because increasing consumption of livestock 
products requires increasing supplies of feed grains, the com export 
market shows steady growth. 
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Table 11. United States com exports, annual 1956-1972 (million bushels) 
C66> p. 7} 67» p. 17î 68» P* 7) 
Year Exports^ 
1956 184 
1957 200 
1958 230 
1959 230 
1960 292 
1961 435 
1962 416 
1963 500 
1964 570 
1965 687 
1966 487 
1967 633 
1968 536 
1969 612 
1970 517 
1971 796 
1972 lOOOb 
^Grain and grain equivalent of com products compiled from reports of 
the Bureau of the Census. 
^Preliminary. 
Marketing Channels 
Over three-fourths of the total com production was used on farms 
where it was produced in the 1930's. In recent years more than one-half 
the com moved into marketing channels. The proportion moving into 
marketing channels continues to increase although it varies from one area 
to another. In recent years it has been about 70 percent in Illinois, 
slightly more than 60 percent in Indiana, and about 45 percent in Iowa, 
although it ranges from 20 percent in Mississippi to 95 percent in 
Califomia. Table 12 presents the quantities produced, used on farms, 
sold, and percent of production sold for selected years. 
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Table 12. Corn; U.S. production, quantity used on farm where grown, 
quantity sold, and percent of production sold, 1947-1971 
(million bushels) (67, p. 34; 68, p. 17) 
Year Production 
Quantity used on 
farms where grown 
Quantity 
sold 
Percent of 
•production sold 
1947 2,108 1,618 490 23 
1948 3,307 2,273 1,034 31 
1949 2,946 2,022 924 31 
1950 2,764 1,975 789 29 
1951 2,629 1,822 747 28 
1952 2,981 1,906 1,075 36 
1953 2,882 1,807 1,075 37 
1954 2,708 1,658 1,050 39 
1955 2,873 1,726 1,147 40 
1956 3,075 1,823 1,252 41 
1957 3,045 1,854 1,191 39 
1958 3,356 2,006 1,350 40 
1959 3,825 2,147 1,678 44 
1960 3,907 2,130 1,777 45 
1961 3,598 2,115 1,483 41 
1962 3, GOu 2,044 1,562 43 
1963 4,019 2,144 1,875 47 
1964 3,484 1,781 1,703 49 
1965 4,084 2,077 2,007 49 
1966 4,117 2,038 2,079 50 
1967 4,760 2,223 2,537 53 
1968 4,393 2,066 2,327 53 
1969 4,583 2,081 2,501 55 
1970 4,099 1,863 2,237 55 
1971^ 5,540 2,434 3,106 56 
^Preliminary. 
Four-fifths of off-farm sales move to country elevators. A small 
amount is sold to other farmers and small amounts move directly to 
terminal and sub terminal elevators, port elevators, com processors, and 
to government storage. Most com shipments from country elevators go to 
subterminals, terminals, port elevators, and markets, although over 20 
percent is sold back to local farmers and another 10 percent is ground, 
mixed, and sold as prepared animal feed. Terminal and port agencies that 
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operate without storage facilities receive and handle over one-fourth of 
the corn that moves through the marketing channels. Slightly less than 
one-half the com that passes through terminal elevators and port market 
agencies goes to feed manufacturers, 31 percent is exported, and 23 
percent goes to wet process and dry process com millers. Approximately 
40 percent of total off-farm sales of corn is used for prepared animal 
feeds. (46) 
Com Grading and Grade Factors 
Corn is officially graded under the United States Grain Standards Act 
whJ.ch was passed by Congress on August 11, 1916. The first standards 
established under the Act were for com, which became effective December 
1, 1916. Figure 1 presents the changes that have been made in the U.S. 
com standards over the years. Amendments other than grade factor speci­
fications arA given in Figure 2, and Figure 3 presents the current U.S. 
com standards. 
The Official Grain Standards of the United States defines com as; 
Corn shall be any grain which consists of 50 percent or 
more of whole kernels of shelled dent com and/or 
shelled flint com (Zea mays) and may contain not more 
than 10.0 percent of other grains for which standards 
have been established under the United States Grain 
Standards Act. (56) 
The Official Grain Standards provide for three classes of corn. 
1. The class Yellow Com shall be yellow-kemeled com 
and may contain not more than 5.0 percent of com 
of other colors. Yellow kernels of com with a 
slight tinge of red shall be considered as yellow 
corn. 
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Test weight per bushel (minimum weight in pounds) 
Grade 1916 1918 1934 1959 
1 55.0 55.0 54.0 56.0 
2 53.0 53.0 53.0 54.0 
3 a 51.0 51.0 52.0 a: No grade 
4 a 49.0 48.0 49.0 established 
5 a 47.0 44.0 46.0 
6 a 44.0 a a b: Corn not 
Sample grade a b b b meeting any 
established 
s ture (maximum percent) grade 
Grade 1916 1934 
1 14. Q 14.0 
2 15.5 15.5 
3 17.5 17.5 
4 19.5 20.0 
5 21.5 23.0 
6 23.0 a 
Sample grade b b 
Broken com and foreign material (maximum percent) 
Grade 1916 1934 
1 2.0 2.0 
2 3.0 3.0 
3 4.0 4.0 
4 5.0 5.0 
5 6.0 7.0 
6 7.0 a 
Sample grade b b 
Damage (maximum percent) 
Grade 1916 1934 
1 2.0 3.0 
2 4.0 5.0 
3 6.0 7.0 
4 8.0 10.0 
5 10.0 15.0 
6 15.0 a 
Sample grade b b 
Figure 1. U.S. com standards in years when standards were changed (25) 
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Revised effective July 15, 1918 
Defined corn as shelled com of the flint or dent varieties. 
Changed the heading of the grade factor "heat damaged and mahogany 
kernels" to "heat damaged kernels". 
Added the terms "commercially objectionable foreign odor" and 
"heating" and dropped the term "fire burned" in the definition for 
Sample grade. 
Deleted the terms "immature" and "badly blistered" from the definition 
of grade No. 6. 
Amended effective October 3, 1921 
Changed from a 14/64 to a 12/64 inch sieve for determining foreign 
material and cracked com. 
Amended effective August 15, 1924 
Changed the grading of com infested with live weevils from Sample 
grade to a grade "Weevily". 
Revised effective September 1, 1934 
Reduced the number of numerical grades from six to five, redesignated 
the grade Weevily com as a special grade, and established a special 
grade for Flint com. 
The definition of Sample grade was changed to include musty and sour 
com which was previously included in grade No. 6. 
The percentage of other grains was limited to 10 percent. Prior to 
this change, there was nothing in the com standards about other 
grains, and other grains were limited by the amount of foreign 
materials and cracked corn. 
Amended effective July 1. 1935 
Changed the basic method for determining moisture from the Brown-Duvel 
to the water-oven method or any method giving similar results. 
Amended effective Jamiary 20, 1937 
Changed the special grade for "Flint" com and added a special grade 
"Flint and Dent" com. 
Revised effective October 1, 1959 
Changed the basic method for determining moisture from water-oven to 
air-oven. 
Figure 2. Amendments to U.S. com standards (25) 
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CORN 
Grades and Grade Requirements for Com 
Maximum limits of — 
Damaged kemels 
Minimum Broken 
test com and Heat-
GRADE weight per foreign damaged 
bushel Moisture material Total kernels 
Pounds Percent Percent Percent Percent 
[J.S. No. 1 56.0 14.0 2.0 3.0 0.1 
U.S. No. 2 54.0 15.5 3.0 5,0 0.2 
U.S. No. 3 52.0 17.5 4.0 7.0 0.5 
U.S. No. 4 49.0 20.0 5.0 10.0 1.0 
U.S. No. 5 46.0 23.0 7.0 15.0 3.0 
U.S. Sample grade U.S. Sample grade shall be corn which does not 
meet the requirements for any of the grades from 
U.S. wo. 1 to U.S. No. 5, inclusive; or which 
contains stones; or which is musty, or sour, or 
heating; or which has any commercially objection­
able foreign odor; or which is otherwise of 
distinctly lew quality. 
Figure 3. Current U.S. com standards (50) 
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2. The class White Com shall be white-kemeled corn 
and may contain not more than 2.0 percent of com 
of other colors. White kernels of com with a 
slight tinge of light straw or pink color shall 
be considered as white com. 
3. The class Mixed Com shall be com which does not 
meet the color requirements for either of the 
classes Yellow Com or White Com and shall 
include white-capped yellow com. (50) 
All com grades are the U.S. numerical grades, U.S. sample grade, 
and the special grades flint com, flint and dent com, and weevily com. 
Broken com and foreign material are kemels and pieces of kemels of com 
and all matter other than com which, will pass readily through a 12/64 inch 
sieve and all matter other than com which does not pass through the sieve. 
Damaged kernels are kemels and pieces of kemels of corn which are heat 
damaged, sprouted, frosted, badly ground damaged, badly weather damaged, 
moldy, diseased, or otherwise materially damaged. Heat-damaged kemels 
are kemels and pieces of kemels of com which have been materially 
discolored and damaged by heat. Each determination of class, damaged 
kemels, heat-damaged kernels, flint corn, and flint and dent com is on 
the basis of the grain after the removal of the broken com and foreign 
material. All other determinations are upon the basis of the grain as 
a whole. All percentages are upon the grain as a whole. 
The grade requirements in the official standards are based on class, 
quality, and condition. The classes of com are yellow, white, and 
mixed already defined above. 
Quality refers generally to plumpness, soundness, and cleanliness 
in grain. In com these are reflected in the test weight, moisture. 
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damage, and broken com and foreign material. Corn of high test weight 
generally contains more nutrients, less fiber, and will yield more 
processed products than com of low test weigjit. Moisture content 
indicates the amount of dry matter available and it is the most important 
single indicator of possible quality deterioration. High moisture com 
is much more likely to spoil through the growth of microorganisms than is 
dry com. Broken com and foreign material is a second indicator of 
possible quality deterioration. This fine material, by packing closely 
and restricting air flow, will induce heating and create hot spots. 
Microorganisms will more readily attack this fraction because much of 
the endosperm is exposed. Large broken corn has a lower potential for 
oil recovery. Damaged kernels provide less nutrient value. The quality 
and quantity of starch, protein, and oil may be greatly reduced because 
of mold, sprouting, heat, frost, disease, insects, or other forms of 
damage. 
Condition refers to the state which the grain is in. Stones, rodent 
excreta, toxic seeds, unknown foreign substances, glass or metal frag­
ments, objectionable odors, and sour or musty grain are the usual 
undesirable conditions for com. Com free of mal odors is crucial to 
distillers while com free of mold and filth is crucial to dry com 
processors. 
The quality of com, as indicated by grade, received two months 
during and following harvest from all major producing areas of the country 
for the last 10 years is given in Figure 4. 
CORN RECEIVED TWO MONTHS DURING AND FOLLOWING HARVEST FROM ALL MAJOR U.S. PRODUCING AREAS 
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Year Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Sample Total 
1962 7.5 7 38.2 37 23.2 22 21.8 21 8.4 8 5.7 5 104.8 
1963 3.9 3 33.0 29 41.6 36 25.0 22 3.6 3 7.6 7 114.7 
1964 5.5 7 16.5 21 20.8 26 20.8 26 6.5 8 9.1 12 79.2 
1965 1.1 1 18.5 18 33.2 32 31.6 31 11.7 12 6.0 6 102.1 
1966 1.9 2 19.8 17 35.0 30 25.9 23 21.0 19 9.8 9 113.4 
1967 2.0 2 19.2 15 37.8 30 27.6 22 25.2 20 13.1 11 124.9 
1968 2.9 2 41.5 29 51.6 35 31.2 22 11.6 8 6.1 4 144.9 
1969 2.7 2 30.3 23 39.9 30 31.2 24 16.6 13 11.1 8 131.8 
1970 5.3 3 61.7 36 47.0 28 31.1 18 16.3 10 9.2 5 170.6 
1971 7.3 5 52.8 35 51.1 33 24.4 16 9.6 6 7.3 5 152.5 
Figure 4. Inspected corn receipts by grades, 1962-1971 crops (million bushels) (^8, p. 18) 
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QUALITY AND GRADING SYSTEMS 
The major elements in a market transaction are quality, quantity, and 
price, together with mechanisms for storage, transportation, risk-bearing, 
and financing. These elements are interrelated but each interrelationship 
may be studied independently. The quantity-price relationship has been 
examined theoretically and empirically for many commodities, with Schultz 
(56) still the classic study. The quality-price relationship has been 
less thoroughly studied. Agricultural commodity quality-price relation­
ships that have been examined include: vegetables by Waugh (74), cotton 
by Youngblood (79), peaches by Hathaway and Cravens (24), spring wheat by 
Hyslop (29), and soybeans by West (76) and by Murken (48). 
Resolution of the quantity-price problem and the quality-price 
problem is needed in markets with variable demands and supplies over time, 
space, and commodity compositions. Research concerning these problems 
embraces both the scarcity concept held by Robbins (54) to be the core 
economic problem and the study of market exchange held by Buchanan (S) 
to be the main task for economists. The present research investigates 
commodity quality and grading systems with special reference to com. 
The broad purposes of inspection and assignment of grades to 
agricultural commodities are to provide information needed for proper 
price formation and for efficient transportation and storage. 
Agricultural commodities are composed of various quality characteristics 
which may have wide statistical distributions when compared with the 
statistical distributions of manufactured product characteristics. 
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In a complex economy with large numbers of sellers and buyers tran­
sacting sales over great expanses of time and distance, the possibilities 
of waste, confusion, deception, and fraud are numerous. The function of 
standardization and grading is to reduce these marketing uncertainties 
and hence to lower the marketing costs. While standards for the coining 
of money and for measurement of quantity have been well established in 
developed economies, standards of quality have been more difficult to 
establish because of many technical and economic problems. The reasons 
in favor of fixing standards of quality are identical with those in favor 
of fixing standards of quantity. They are summed up in the superior 
economy of buying and selling on grade and reputation as compared with 
buying and selling on inspection, according to Carver (9), 
Grading and Standardization 
The use of uniform standards for setting up different grades of 
quality provides the following advantages, according to Kohls (36) and 
Thorns en (62 ) . 
1. It results in more meaningful price quotations. 
2. It makes possible the sale of goods by sample 
or by description. 
3. It enables the pooling or intermingling of 
products for future shipment and thereby aids 
the concentration processes of marketing. 
4. It facilitates financing and risk-bearing in 
marketing products. 
5. It may reduce relative transportation costs. 
6. It may increase the demand for certain products. 
7. It may help maintain effective competition. 
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8. It enables btyers to obtain the particular 
qualities of a commodity which they need. 
9. It makes possible more effective distribution 
by sellers and increases total retuims by 
tapping more segments of the potential markets. 
10. Payment for products on the basis of grade 
encourages the production and marketing of 
better quality products. 
11. By separating the products of poor quality from 
those of high quality and good keeping-condition, 
grading minimizes spoilage. 
12. It facilitates the settlement of claims and 
prevents fraud. 
13. It provides a common language for buyers, 
sellers, and market reporters, thus facilitating 
the exchange of market information. 
14. The very process of grading and explaining to 
producers and other sellers why their products 
fall in certain grades acts as an educational 
medium to obtain a better understanding of the 
factors constituting quality of product and 
responsible for variations in quality. 
This summary of the uses and advantages of grading suggests that the func­
tions of grades be grouped under three siajcr headings: operational 
efficiency, pricing efficiency, and market structure and competition. 
Grading can contribute to greater physical efficiency and lower costs 
in production, processing, and handling by eliminating the need for 
personal inspection, by permitting blending and pooling of similar lots, 
by reducing risks of spoilage, and by facilitating large volume processing 
and merchandising operations requiring uniform raw material supplies. 
Grading can contribute to pricing efficiency by providing a quality 
base for market reporting on prices and supplies, by providing a basis 
for futures trading, by permitting buyers to more systematically choose 
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among qualities according to their preferences, and by aiding sellers 
in receiving prices reflecting the maximum value of their commodity. 
Grading, by helping to equalize the knowledge of market participants, 
aids in increasing the extent of the market as more bikers and sellers 
are put in contact with each other, thereby increasing the intensity of 
competition. Grades may help small sellers more easily sell to large 
buyers or in distant markets. Standard grades can reduce the advan­
tages of product differentiation held by firms with brand-grades by 
intensifying price competition and lowering advertising and promotional 
costs. Fienup (20) presents an excellent account of these market struc­
ture issues in his article about changes in lamb standards. 
Fienup further states that federal grades do more than separate an 
existing quality assemblage. Standards serve as product specifications 
which shape production decisions. The structure of the market has 
changed to the extent that it will not profitably absorb all levels and 
ranges of qualities. 
A grading scheme is in dynamic interaction with the existent set 
of production technologies used by firms in the industry, with the 
preference functions of divergent commodity consumers, and with the 
technical, economic, and institutional mechanisms that bring producers 
and consumers together in the market. A grading scheme dsesied optimal 
by a decision maker at one point in the marketing chain may not be 
optimal for a decision maker at another point. 
Shaw (57) states that there are variations in the usefulness of 
grading from product to product, from function to function, and from 
seller to seller as firms procure, handle, and sell their merchandise. 
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An economic analysis, product by product, seller by seller, and market 
by market is needed whenever changes occur in the character of supplies 
offered, in consumer demands, or in the standards and techniques of 
grading. 
Banks (5) states that if consumers have identical preferences, the 
industry can maximize its sales by offering products that meet this 
preference. If preferences are "similar", the demand schedules of 
different consumers for a particular quality differ in their elasticity. 
When preferences are similar, if production costs differ, there is a 
theoretical basis for product differentiation. If costs can be reduced 
by differentiating the product and offering one or more cheaper grades, 
this multiple standard and multiple price policy permits a broader range 
of quality and price competition with substitute products and thus may 
serve the interest of the entire industry. 
The purpose of a grading system is to facilitate the sale of all 
quality segments of the commodity and not just the top quality segments. 
Forbidding the sale of lower quality commodity segments which have 
elastic demands actually reduces total revenue for the industry. Kross 
(37) analyzes the case for potato growers who want to maximize monetary 
benefits subject to several grade specifications with different prices. 
Abbott mads the first comprehensive analytical study of quality-price 
relationships in Quality and Competition (1) . He identified vertical, 
horizontal, and innovational quality differences. The vertical difference 
is distinguished by: 1) the "superior" of any two qualities is considered 
preferable by virtually all buyers, and 2) it entails greater cost. The 
horizontal difference is distinguished by: 1) different people will rank 
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dissimilar qualities in different orders, and 2) cost differences, if 
any, are purely incidental. Innovational differences are changes 
which are considered improvements by most or all buyers, yet involve 
no increase in cost or else are judged superior in spite of whatever 
additional cost is involved, so that the new quality displaces the 
old. Quality may be moved upward or downward through vertical variation 
or sideways through horizontal variation or forward through innovational 
variation. 
Sorting a heterogeneous commodity into grades and selling 
them in markets which have different elasticities in the various 
quality subdemands may increase total revenue. Waugh, Burt is and Wolf 
(75) made the pioneer study on this principle. 
Farris (18) suggests that the interrelations between uniform 
grades and standards and product differentiation may be conçlementary 
from the standpoint of product improvement and development. The need 
to safeguard certain minimum standards for health and safety in various 
commodity uses, governmental research concerning quality characteristics, 
and market structure and performance studies are areas where grades and 
product differentiation overlap. 
In spite of the importance of grading to marketing, one must agree 
with Mehrsn (44) who states: "Grades are essential elements in the 
affluent economy ; yet when considered carefully, relatively little 
seems to be known about their genesis or effects or the criteria 
governing optimum specifications, grade combinations, or variation 
over time." 
Quality and Agricultural Commodity Grading 
Agricultural commodities, like all products of nature, are hetero­
geneous. Whether one is interested in the weight of hogs, the diameter 
of wool fibers, the size of eggs, the color of tomatoes, or the foreign 
material content of grain, all agricultural commodities exhibit patterns 
of variation which often tend to approximate the normal frequency dis­
tribution. While modern agricultural technologies have often narrowed 
these variation patterns, modem industrial technologies have more 
closely controlled the range of characteristic variation of industrial 
products. Even the best farmer using the most advanced methods cannot 
completely standardize his output. Erdman (16) provides an excellent 
discussion of the problems of establishing grades for farm products 
because of seasonal and regional characteristic variation patterns, using 
egg size and wheat protein content as illustrative data. 
Agricultural commodity grading schemes are major attempts to 
facilitate the marketing of the whole range of quality states of the 
commodity by segmenting the total commodity supply into subsets which 
are more homogeneous with respect to specified quality characteristics. 
If the quality characteristics are defined as continuous variables, the 
selection of the boundary points between grades is a somewhat arbitrary 
process depending upon the economic inçortance of the characteristic and 
the accuracy of the characteristic measurement device in use. Grading 
requires that the commodity, a bundle of n characteristics, be grouped 
on the basis of specified characteristics and that grade categories be 
defined in terms of minimum and maximum values of the selected 
36 
characteristics. Several of the agricultural commodity quality and 
grading relationships that have been examined include: soybeans by 
Juillerat (32), cotton by Howell (28)> carnations, chrysanthemums and 
snapdragons by Ballantyne, Kalin and Harrington (4), eggs by Morse (47), 
and wheat by Farris (17)• 
The history of agricultural commodity grading extends to earliest 
times. Barry (6) distinguishes between commercial grading and official 
grading. Commercial grading, in existence since trading in agricultural 
commodities began many centuries ago, is the sorting of commodities into 
groups according to degree of desirability and the use of those groups as 
a basis for trading. Official grading is the establishment of grades by 
government authority, with the grading done or supervised by some 
governmental agency. 
If it be true that markets evolve over time in socioeconomic 
environments, the struggle to develop serviceable quality-analysis systems 
for agricultural commodities is never completed. Gras reports on grain 
quality problems in his book The Evolution of the English Com Market 
from the Twelfth to the Eighteenth Century (22) and Usher reports similar 
problems in his book The History of the Grain Trade in France 1400-1710 
(72) . Taylor includes many of the American grain grading and exchange 
problems in his three volume book The History of the Board of Trade of 
the City of Chicago (59). 
Early attempts to establish grades in the United States brought 
about as much confusion and abuse as the initiators had hoped to 
eliminate. Trade groups, grain exchanges, dealers, and governments all 
established their own grades and standards. Some standards, for example. 
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required that No. 2 com be dry, otbers reasonably dry; one would require 
not more than 16 percent moisture, another perhaps not more than 15.5 
percent. A study of the phraseology of the grain trade in 1906 disclosed 
338 names or grade titles: 133 for wheat, 63 for com, 77 for oats, 53 
for barley, 10 for rye, and 1 each for "no grade" and "no established 
grade". Because sellers and buyers were confronted with such confusion 
from the great number and conflicting standards for the market grades, 
and because they lacked confidence in the integrity of the grading system, 
they began to organize and lobby for federal legislation. Not all sectors 
of the trade desired federal intervention, of course. Merrill, the 
president of the Chicago Board of Trade in 1911, while favoring classify­
ing grain into grades, was opposed to federal legislation. He believed 
that state laws and trade practices were more appropriate and effective 
than federal grading would be (45). Price (52) discusses the problems 
encountered in American grain grading and standardization before official 
grades were promulgated. The decentralized inspection system provided 
many opportunities for market manipulation and confusion in the marketing 
of grain. 
Substantial permanent progress was not made until the federal 
government stepped in to coordinate the efforts to improve the grading 
system. The passage of the Cotton Futures Act in 1914, the Grain 
Standards Act in 1916, and the United States Warehouse Act in 1916 
established the United States Department of Agriculture in the activity 
of agricultural commodity grading and standardization. A series of laws 
since 1916 have gradually broadened the area of federal responsibility 
in promulgating uniform standards. Tenny (60) provides an excellent 
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discussion of the work of the USBA in developing national standards for 
agricultural commodities up to 1927. Kitchen (34) discusses the problems 
the USDA has in standardizing grades and inspecting farm commodities, 
including the need for continued research and education. 
Federal standards for farm commodities fall into three classifica­
tions. Mandatory standards are those whose use is compulsory under 
certain conditions. Permissive standards are those officially 
recommended but whose use is not compulsory. Tentative standards are 
those offered for use but still subject to further study before 
becoming permissive or mandatory. 
The USDA standards for food and farm products are published in the 
annual Code of Federal Regulations with amendments published in the 
Federal Register. USDA Agriculture Handbook No. 341 (71) cites the 
references for USDA standards for food and fairm products as of January 1, 
1972. The U.S. Grain Standards Act makes mandatory the use of federal 
standards for barley, com, flaxseed, grain sorghum, mixed grain, oats, 
rye, soybeans, and wheat, when sold by grade in foreign commerce. The 
U.S. Warehouse Act states that in storing a commodity (such as tobacco, 
grain, cotton, etc.) for which U.S. standards have been officially 
promulgated, such official grades must be used if the warehouse receipt 
states the grade. 
Because agricultural commodities are subject to unplanned and 
planned changes in quality as the commodity moves from the farm through 
the marketing channel toward the consumer, questions arise as to when, 
where, and how many times grading should be done. If grades are to 
fulfill their objective of telling producers what consumers consider 
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desirable, grading must first be done when the farmer sells his commodi­
ties. Barry (6) states that in addition to the function of segmenting 
the supply according to grade specifications as a basis for trading, 
grading schemes can be used to redirect agricultural resources toward 
the production of commodities in growing favor with consumers and thus 
enhance the market position of any commodity to which grading is 
applied. A system of premiums and discounts on quality characteristics 
will usually be needed to accomplish this second function of a grading 
system. If the quality state of the commodity changes during its 
movement through the marketing channel, grading may be needed again, 
although probably on a different criteria, before the commodity reaches 
the final user. 
Changes in federal grades, or the development of new ones, come 
about slowly. Initial suggestions for changes typically come from the 
trade or from research findings. Neustadt (49) discusses how the Grain 
Division of the Consumer and Marketing Service of the USDA responds to 
suggestions and carries out the process of standardization revision. 
While many persons have vested interests in maintaining an existing 
standard, as long as consumer preferences, agricultural practices, manu­
facturing processes, and production patterns change, so must standards 
change if they are to accomplish their objectives. 
Anthony (3) concisely defines grades and states their basic 
requirements. 
Grades are a language. They are a short expression to 
convey a complex set of attributes of any lot of grain. 
To be of optimum use, the language must be concise, 
relevant to communication needs, and widely understood 
among the trade. 
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Fay (19) made several acute observations about the standards used 
in grain marketing in his study of the nineteenth century English com 
market. He noted that a good standard can tell both quantity and quality. 
While sale by weight gives quantity only, and sale by measure again gives 
quantity only, sale by measure combined with a description of the actual 
weight of com per measure gives both quantity and quality. Using a 
hypothesis based on the value of the grain and the normal weight per 
bushel variation in the market supply, he could provide a good explanation 
of why markets traded some grains by volume and some by weight in the 
British Isles in the last century. He concludes that there is always 
a reason for the way in which things are done, even though there are 
transcending reasons for doing them differently. 
Criteria for Establishing Grading Systems 
A basic definition of a commodity is needed before disaggregating 
it into commodity characteristics for the analysis of the foundations of 
grading systems. Robinson in her classic The Economics of Imperfect 
Competition (55) defined a commodity as "...a consumable good, arbitrarily 
demarcated from other kinds of goods, but which may be regarded for prac­
tical purposes as homogeneous within itself." One is faced with a classic 
problem of language which is; What level of abstraction does one assign 
a collection of entities which may not be identical but are not highly 
dissimilar either? While one lot of com with 20 percent moisture and 
another lot with 14 percent moisture may be both just com to the casual 
observer, the two lots may not be the same commodity to a com merchan­
diser because the 6 percent difference in moisture represents an economic 
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difference. Generations of price theorists have overlooked significant 
quality-price relationships by simply failing to explore the meaning of 
commodity. 
Before proceeding further, it is necessary to define terms as they 
are to be used in this research. Grade specifications are the quality 
criteria used to define the degree of homogeneity within grades. A grading 
scheme is a set of quality criteria defining a mutually exclusive and 
exhaustive set of grades for a commodity. Grading is the act of assigning 
a unit of commodity to a grade or of sorting heterogeneous commodity lots 
into grades. Quality characteristics commonly used as grade specifica­
tions include size, weight, shape, color, taste, odor, length, diameter, 
strength, density, texture, uniformity, content of various elements such 
as moisture and foreign materials, physical damage such as bruising and 
insect infestation, age, degree of ripeness, viscosity, and tenderness. 
Quality testing is the physical, chemical, or visual determination of 
attributes and quantities of measurable characteristics possessed. 
Grade specifications for different commodities cover different selec­
tions and combinations of these quality characteristics, depending upon the 
commodity and its uses. Grade may or may not be the only information the 
buyer has about the commodity. Grade is a condensation of information 
about K measured or categorized quality characteristics. Information 
about a set of L measured characteristics may be available separately from 
the grade. The set of K and the set of L characteristics may or may not be 
identical. A set of R, where R may be large, unmeasured characteristics 
also exists for the commodity where any characteristic may or may not 
be of actual or potential interest to a commodity buyer. 
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A grading scheme may be theoretically faulty because it is based 
on an inappropriate number of quality characteristics. Economically 
important characteristics may have been omitted or economically unim­
portant characteristics may have been included. The grade, as a 
condensation of K information units, may hide valuable characteristic 
information needed for accurate pricing and efficient handling of the 
commodity. Storage and transportation problems arise if needed charac­
teristic information is unavailable. A lot of com grading No. 5 
because of moisture requires much different handling than one grading 
No. 5 because of test weight. 
In grading schemes in which the characteristics have unequal 
economic importance, a lot with a lower grade may be worth more than 
a lot with a higher grade. It would be possible to have a sample of 
com grading No. 3 with the following factor levels; 52 pounds per 
bushel, test weight; 17.5 percent, moisture; 4 percent, broken com and 
foreign material; and 7 percent, total damaged kernels. Under common 
discount schedules such a sample would be subject to a two cents per 
bushel test weight discount, a four cents per bushel moisture discount, 
a one cent per bushel broken com and foreign material discount, and a 
two cents per bushel total damaged kernel discount. Assuming one-dollar 
corn, the discounted value of this theoretical sample would be ninety-one 
cents per bushel. In contrast, a sample containing 5 percent broken com 
and foreign material and grading No. 2 in all other factors would have a 
discounted value of ninety-eight cents, but would be graded No. 4. In 
this respect, numerical grades are poor predictors of monetary value. 
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If an individual is asked to choose between two lots of a commodity 
that have physical or chemical differences that are known to him, but he 
will not pay more for one lot than for the other, then the two lots are 
homogeneous in an economic context. If he will pay more for one, then 
the two lots are two different commodities with the economic difference 
measured as the difference in price. If a commodity lot, a bundle of n 
characteristics, differs in only one characteristic from another commodity 
lot and the buyer will pay different prices for the two lots, then a 
grading system with economic meaning can be defined. One need only vary 
the single characteristic until the buyer is willing to pay a different 
price. At this level of characteristic, define a grade boundary. One 
may continue to vary the characteristic level until the buyer changes his 
bid and you define another grade boundary. This process may be iterated 
until either you can no longer vary the characteristic or you are 
confident the buyer will make no more changes in his bid. 
While this method allows the determination of a set of grade 
boundaries, it has several severe limitations. First, other buyers may 
bid prices which are net monotonie transformations of the first buyer's 
prices, resulting in intervals of different lengths and therefore 
different grade boundaries. If the buyers have different requirements 
for the characteristic, it is possible that the low-priced range for one 
buyer may be the high-priced range for another buyer. Second, if you 
repeat the experiment at another time, your buyer may have a different 
valuation function for the characteristic; this would change the lengths 
of the intervals. Third, you are only varying one characteristic. The 
commodity may have several characteristics which may vary and over which 
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you may or may not have control. An exceedingly large number of charac­
teristic combinations are possible with only a few characteristics. With 
this large number of combinations, you are not sure which characteristic 
combination the buyer really desires. While varying one characteristic 
by itself, holding the other n-1 characteristics constant, and observing 
the buyer to never change his bid, may allow you to remove that 
characteristic from the grading scheme, you must remember that the buyer 
was indifferent to the characteristic i only as it was in combination 
with the other n-1 characteristics. If you tried a different combination 
of the other n-1 characteristic levels and varied the characteristic i, 
the buyer may not have been indifferent. Many synergistic or antagonistic 
combinations are possible as the number of characteristics subject to 
variation is increased. 
A purely theoretical grading system can be deduced by hypothesizing 
individual quality valuation functions. Zusman (80) uses this approach 
in his analysis of grading and sorting schemes. The individual quality 
valuation function (IQVF) describes the behavior of the marginal rate of 
substitution between the commodity and the numeraire as a function of the 
commodity's quality characteristics and the purchased bundle of goods. 
Let ai, ..., an be continuous and bounded measures of n quality charac­
teristics. Let qCa^, .., a^) be the amount of the commodity with the 
quality characteristics a^, . a,^ purchased by the consumer. The 
consumer's utility function is defined in terms of the quantities 
qi» , q^g of the graded commodity and the quantity of the composite 
good, M, representing all other commodities. For any consumer in equi­
librium, the marginal rate of substitution between the commodity with 
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characteristics a^, a^ and the composite commodity M, 
UqCaj, , a^) ^ 
% 
is a function of the a^, a^ characteristics and the equilibrium 
bundle of purchased goods, B, which consists of some or all of the q's 
as well as some M. Let us denote this function by R(a^, a^, B) and 
designate it as the individual quality valuation function (IQVF). Because 
the IQVF depends on the consumer's equilibrium bundle of goods and 
services, B, the IQVF depends on the consumer's income and market prices. 
The IQVF may have many different shapes. If the IQVF is monotoni-
cally increasing or decreasing over the entire interval of the charac­
teristic, the preferred value of the quality characteristic is identical 
with one of the interval endpoints. A point of global preference may 
exist at a nonendpoint with the IQVF moving lower as one leaves the 
preferred point. If the commodity has two (or multiple) uses, a bimodal 
(or multimodal) IQVF will result. 
The market quality valuation function (MQVF) is defined as the upper 
envelope to the IQVF's. Denote this function by —, a^, &%), 
and then 
RjjjCa-n >•>, ajj,Bjjj) — Max R^Ca-^^, » a^, B^) 
where is the IQVF of the i^- consumer and B is the set of N individual 
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bundles. If the distribution of tastes is unimodal, then all consumers 
have similar IQVF's and the MQVF will have the same form as the IQVF's. 
If the distribution of tastes is bimodal (or multimodal), the MQVF 
consists of two (multiple) regions. The level of the quality 
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characteristic at the low point between regions would be used to define 
the boundary between two adjoining grades. 
If the distribution of tastes is unimodal, the profit-maximizing 
grading scheme consists of only one grade. If the grading costs are 
ignored, the optimal nunfcer of grades is equal to the number of modes 
in the distribution of tastes. As the number of quality characteristics 
increases and as the number of different types of commodity users 
increases, the probability of defining a workable grading scheme declines 
because the MQVF may be very scalloped resulting in an exceedingly large 
number of grades. 
Aside from these problems from the bikers' or demand side for the 
determination of grade boundaries, one must consider problems from the 
sellers' or supply side. A seller may have a buyer who would pay for a 
small difference in characteristic i or for a set of n characteristics the 
seller cannot technically produce. More probably, because usually some 
cost is changed by varying the characteristic i or a set of n character­
istics, the seller will have a valuation function relating ranges of 
characteristic levels to his costs. A set of seller grade boundaries can 
be mapped. There is no reason to believe that the seller map of grade 
boundaries will be congruent with the buyer map of grade boundaries. 
Usually, the seller's marginal cost of providing an increment: of 
characteristic i will not equal the seller's marginal revenue of an 
increment of characteristic i. The grade boundary congruency problem may 
become exceedingly complex as the number of buyers with different 
intensities of characteristic demands and as the number of sellers with 
different marginal costs of producing characteristics become large. 
47 
With this background of the purposes and the problems of grading 
systems, criteria for good standards must be considered. Kohls (36) 
suggests the following five statements as criteria for good standards. 
1. Standards should be built on characteristics the 
users consider important and these characteristics 
should be easily recognizable. 
2. Standards should be built on those factors that 
can be accurately and uniformly measured and 
interpreted. 
3. Standards should use those factors and terminology 
that will make the grades meaningful to as many 
users of the product as possible. 
4. Standards should be such that each grade 
classification includes enough of the average 
production to be a meaningful category on the 
market. 
5. The cost of operating the grading system must be 
reasonable. 
Hyslop (29) states the following four items as criteria for effective 
grades: 1) objectivity, 2) relevance, 3) rank-ordering (if it is 
intended), and 4) completeness of quality information. Rhodes and Kiehl 
(53) further note; "If grading is undertaken, grading criteria based on 
real preferences of consumers are a necessary condition for efficient 
resource allocation and the maximization of consumer welfare," 
Ideally, grading is done on the basis of objectively measured factors 
that are amenable to rapid and simple determination^ While many mechani­
cal devices have been developed to measure quality characteristics such as 
size, weight, strength, viscosity, texture, and even color, measurement 
devices for other quality characteristics such as flavor, appearance, and 
certain chemical components are still too inaccurate or too expensive for 
common use. Cook (11) presents a good discussion of recent progress made 
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in developing quality measurement machines. Objective machine measure­
ments are preferred to subjective human measurements because of the 
former's greater precision. 
Relevance in a grading system refers to the connection between the 
measured characteristic and the economic value of possessing this 
Information by users. This value is a function of the technology to 
be applied to the commodity input and the price of the ultimate 
commodity or service output. Whether a quality characteristic should 
be measured as a grade characteristic depends upon both the benefits 
of receiving and the costs of acquiring this information. Many quality 
characteristics of an input may have known physical or chemical rela­
tionships with the quality of the output or service. However, it may 
not be economically feasible to measure the characteristic because the 
relationship is weak, the error of measurement is large, the cost of 
measurement is high, or because knowledge of the characteristic is 
not valuable. While the objectivity criterion reflects many technical 
considerations, the relevance criterion reflects many economic consider­
ations . 
Rank-ordering may or may not be an important criterion for a 
grading system. Tkfo bases for rank-ordering are possible. The first 
is rank-ordering according to a physical* chemicals or biological 
characteristic. Lots of the commodity may be ranked from either 
high to low or from low to high on the basis of the characteristic 
measurement. 
The optimal range for the characteristic based on consumer prefer­
ences may occur at an intermediate level rather than the maximum or 
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minimum measurement possible. If the length of light waves reflected 
from peaches is the measured characteristic, consumers may prefer yellow 
to both green and red peaches. Rank-orderings cannot be achieved as a 
grading system criterion if the maximal or minimal technical stratum is 
not the optimal stratum. 
Rank-orderings may be possible on the basis of value. By this 
definition, the highest quality is the lot with the highest price. In 
approaching economic equilibrium, affluent consumers with exacting tastes 
will bid up the price of the best quality while less affluent consumers 
with less exacting tastes will bid lower prices for the lower quality 
lots. A basic problem with this definition is that the commodity may 
have multiple independent uses. High quality for one use may be low 
quality for a different use. The market price will be an imperfect 
measure of these differences in quality valuations by the different users. 
A grading system need not be designed to have rank-orderings. Speci­
fications can be established for different characteristics for a commodity 
with differential quality sub demands. While the commodity is graded, no 
governmental attempt is made to ensure that one grade is always more 
valuable than another. The price of each grade is determined by the 
demand and supply for the commodity with the specified grade character­
istics. If the price of one grade deviates from its ncraal price 
relationship with other grades of the commodity, the buyers and sellers 
of adjacent grades may shift their grade purchases or sales. If the 
market is oversupplied with one grade, then part of this grade will be 
shifted to other uses. Part of a large high quality fruit crop that 
meets fresh standards and exceeds processing standards will be processed. 
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Cox (14) stated that a 5 percent increase in total quality had about the 
same effect as 1.5 percent increase in the total supply in lowering the 
price of No. 3 com in 1930. Arbitrage should even the price differences 
caused by shifts in the demand and supply of conanodity characteristics in 
a free market. Thus, a grading system for a commodity based on major 
independent subdemands may be developed with no attempt made to achieve 
rank-ordering on either a physical or value basis. 
Completeness of information, as a criterion for a grading system, is 
also subject to economic analysis. In a welfare economics context, 
information about any commodity characteristic should be generated until 
the marginal benefits to the users are just equal to the marginal costs 
of generating the information. However, some users may have higjhly 
specialized requirements for characteristic information, meaning that 
this information is highly valuable for them while it has little or no 
value for the great majority of users. The costs of grading all the 
market supply of the commodity for these few users may be excessive 
despite the large benefits to these few users. The total costs to the 
system may be substantially reduced by not including the characteristic 
in the grading scheme. The specialized users can purchase the grade most 
nearly meeting their requirements, test for their special characteristic, 
use the portion meeting their needs, and dispose of the unsuitable portion 
to other uses or to other users. Both the total and the marginal condi­
tions of operating the grading system must be considered in the evaluation 
of a grading system. 
The method of reporting or condensing the quality observations is 
also important with respect to the criterion of completeness of 
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information. If an industry that trades in an agricultural commodity 
requires information about each of K quality characteristics, the 
determination of a numerical or letter grade appears redundant. The 
industry could use a series of numbers corresponding to the measure­
ments of the K economically important characteristics as the bases 
for reporting quality and for pricing the product. A base level for 
characteristics could be adopted to facilitate market news reporting and 
to permit futures trading. A system of premiums and discounts could be 
designed to more accurately price the commodity whose characteristics 
were higher or lower quality than the base. 
Optimal completeness of information then is a function of the 
benefits and the costs of characteristic information and of the market 
structure in which the benefits and costs occur. 
A further possible criterion for evaluating grades is whether 
they contribute toward improving the expression of consumer preferences. 
Jesness (31) states: "The primary purpose in grades is to recognize 
preferences as they are, not as the developer may think they should 
be." Consumer advocates, usually under the desirable intentions of 
seeking to reduce the quantity of hazardous or harmful commodities 
reaching the consumer, risk the danger of usurping consumer sovereignty 
by setting extremely high average standards for commodities. The price 
for ultra-safe commodities without provision for cheaper but more 
unclean or unsafe commodities may prevent the full expression of consumer 
preference functions. The development of a new grading system may 
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help to educate consumers about Important commodity characteristics, and 
help them to clarify and revise their preference functions. 
Many of the qualities which affect commodity demands are not easily 
susceptible to technical measurement. Surrogate characteristics which 
can be measured must be identified and correlated with the market relevant 
characteristics. Such factors as weight, color, blemishes, admixtures, 
and similar characteristics are employed in grading schemes because th^ 
are indicators of such characteristics as appearance, yield of output, or 
value. The grading system developer must be wary of becoming so involved 
in the measures that he forgets what he is really trying to measure. 
Practical market grades must recognize their economic basis, the tech­
nical problems of measurement, and their usefulness to the industry. A 
combination of economic and technical research and practical application 
is necessary. 
If a buyer purchases a lot of commodity on the basis of grade, he 
normally expects that the quality level of his purchase will meet or 
exceed the minimum level for the particular grade he contracts. Two 
different valuation uncertainties confront the buyer. First, the lot, 
when it reaches the buyer, may be off-grade. The buyer must either 
impose a discount or reject tJie shipment. In either case, the buyer must 
know the difference in value between the off-grade and the on-grade 
commodity. If the lot can be upgraded by a technological process, the 
buyer must know his upgrading costs in order to impose an adequate dis­
count. The discount should be large enough to compensate for moisture or 
foreign material dilutions, to pay for needed upgrading activities, 
to discourage sellers from delivering off-grades, and to compensate 
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the buyer for the risk and uncertainty of receiving and handling inferior 
quality commodities. If the upgrading costs exceed the discount which 
may be imposed, the buyer may resort to rejecting the shipment. 
The second valuation uncertainty is the possible wide variation in 
value of lots of commodity which meet the grade but have different 
characteristic levels. If the characteristic of least economic importance 
just meets the grade standard while all the other characteristics greatly 
exceed the grade standard, the value to the buyer of the lot may exceed 
the average value of lots of higher grades. If all characteristics just 
meet the standard, the value to the buyer of some lots of lower grades 
may exceed the value of crd.s "skin" grade lot. In statistical terms, 
this problem may be stated as: How well is value correlated with grade? 
Because current grading schemes permit these valuation uncertainties, 
analytical techniques are needed to more accurately price characteristics 
and thereby to price commodities. 
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THEORETICAL MODELS OF PRICING QUALITY 
While the theory and measurement of demand for commodities have 
become highly sophisticated in recent years, with Frisch (21) being a 
representative example, work on theory and measurement of quantities, 
prices, and demands for commodity characteristics is still primitive. 
While Houthakker (27), Theil (61), Dorfman and Steiner (15), aHpIman 
and Griliches (2) and Brems (7) present recent theoretical approaches 
toward the economic measurement of quality, practical approaches for 
measuring prices of quality characteristics are nonexistent. 
The objective of this chapter is to develop theoretical models for 
measuring prices of the characteristics that comprise a commodity. The 
models use production input-output coefficients to measure quality with 
the assumption that these coefficients are objectively measurable. Each 
commodity is assumed to be a fixed bundle of characteristics. Buyers 
can vary quality only by changing from one commodity to another or from 
one gradé of commodity to another grade of the same commodity, with 
these assumptions, theoretical models of producer behavior can be 
developed which relate prices of inputs to quantities of characteristics 
obtained from these inputs. These theoretical models are relevant for 
the evaluation of grading systems because they will determine implicit 
prices of input characteristics. These input characteristic prices can 
be used as an economic basis for admitting (omitting) characteristics to 
(from) a grading system. 
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Single Output Model 
The single output model can be evolved by using the classical theory 
of the firm. 
Let: 
= the quantity of the i^^ input purchased by a producer 
rj^ = the price paid for the i^^ input 
C = the total cost of production 
Q = the quantity produced 
P = the price of one unit of output 
The classical theory of the firm features profit maximization. The 
total revenue of a producer who sells his output in a perfectly competitive 
market is given by the number of units he sells multiplied by the constant 
unit price P he receives. His profit n is the difference between his total 
revenue and his total cost. 
= ?Q - C [1Î 
Let; 
Q  =  f X 2 ,  . . . »  X j j )  b e  t h e  p r o d u c t i o n  f u n c t i o n .  T h e  
quantity Q produced is a function of n inputs. 
Let: 
n 
C = Z r^ Xi 12] 
i=l 
The cost of production is the sum of the amount of input x^ used times 
its price 1%; i = 1, 2 n. 
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n 
n = P f(xi, X2, Xq) - Z Xi [3] 
1=1 
Profit is the total revenue obtained from selling the output minus the 
cost of production. 
To obtain a variation useful for present purposes, let a^j = the total 
quantity of the input characteristic obtained by the producer from his 
purchase of all inputs x^. Suppose that each of the first m characteris­
tics is provided by more than one input, but that each of the remaining 
characteristics is provided by only one input. 
Let; 
«ok = Kk(xi> X2, ...» XQ); k = 1, 2, ..., m [4] 
be the total quantities of the nonunique characteristics; 
«o2 = ^ = m + 1. ..., ntfn 
be the total quantities of the imique characteristics. Write the produc­
tion function as 
Q ~ ^(^01: "oZ* ^om' "ontfl' ' ' ' "omHi^ 
which states that the highest output technically possible from the n 
inputs depends on the quantities of the characteristics which the producer 
obtains from the inputs he buys. 
To maximize Equation 3 using variation Equation 5, differentiate 
Equation 6 with respect to x^ and equate to zero. 
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n = p fCOol. «o2. •••» (*(m' •••• 
n 
Z 
1=1 
3II/3x^ = PC3f/3xi) - = 0; i = 1, 2, ..., n 
or 
= PC9f/8xi); i = 1, 2, ..., n [7] 
The price of input equals the price of the output P times the marginal 
physical product of the i^^ input. The marginal physical product of x^, 
3f/3xi, can be written as 
m 
3f/3xi = Z (3f/30ok)(30ok/3xi) + Of/3»oi+m)(^"oi+m/^^) ' [8] 
k=l 
Substituting Equation 8 into Equation 7 yields Equation 9. 
m 
rjL = P[ I (3f/3aQkj(3aok/9%i) (9f/3xj^) ] [9] 
k=l 
3aQj/3x^ is the change in quantity of characteristic j provided 
by a unit change in amount of input i; i = 1, 2, n; 
3f/3aQj is the marginal physical product from a unit of 
characteristic j; j = 1, 2, m+n; 
? is the price per unit of the output. 
Equation 9 defines the value of an input unit to a user because P is 
known, 3f/3aQj is a known technological relationship, and Ba^j/Sx^ may be 
objectively measured. The implicit price of characteristic j, which shall 
be called tj, is simply P(3f/3Qt^^) because P is dollars per unit of output 
and 3f/3aQj is the marginal output per unit of characteristic j. 
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Equation 9 would be useful in evaluating grading systems because it reveals 
these implicit prices for characteristics. The characteristics with large 
tj's should be included in an input grading system because these are the 
economically important characteristics. A change in the technology used 
by the input supplying industry may change the aa^j/Sx^'s while a change in 
the technology used by the input using industry may change the 3f/Sa^j's. 
Either technological change may require a change in the input grading 
system. An increase (decrease) in P, the price per unit of output, will 
increase (decrease) the magnitude of the ty's. This will cause a larger 
(smaller) number of characteristics to be economically significant. A 
higher (lower) P therefore justifies more (less) expensive grading pro­
cedures . Equation 9 is appropriate for evaluating grading systems 
because it can be used to differentiate the economically important 
characteristics from the economically unimportant. The criteria for 
differentiation would include the benefits and the costs of determining 
the characteristic quantities to the firm or industry. 
Multiple Output, Independent Production Function Model 
The multiple output, independent production function model can be 
developed similarly to the single output model. 
x^ = the quantity of the i^^ input purchased by a producer 
x^^ = the quantity of the i^^ input used in the h^^ 
production function 
H 
Z = x^; the sum of the x^^/s is equal to the quantity x^ 
h=l purchased 
59 
= the price paid for the i^^ input 
C = the total cost of production 
= the price received per unit of the h^^ output 
Qjj = the quantity of the h^^ output produced 
Again, assuming profit maximization. 
H 
n = Z Ph Oh - c 
h=l 
Let: 
Ql = FlCxii, X21, .... Xni) 
Q2 = F2CX12, *22» , Xn2) 
Qa = Fg(x2_ij, %2E' •••» 
be the set of H independent production functions the firm may use in 
producing K outputs from the set cf n inputs. 
Let: 
n H 
C = Z Z ri Xih 
i=l h=l 
The cost of production = the sum of the amount of input purchased 
times its price r^; i = 1, 2, n. 
H n H 
: = % Ph Qh - % z ^i Xih 
h=l n=l h=l 
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Profit = the total revenue obtained from selling the outputs minus 
the cost of production. 
The variation of the single output model is again used. 
Let; 
a^j = the total quantity of the characteristic obtained 
by the producer from his purchase of all inputs Xj_; 
J 1> ^9 • • • > ^ 
'^oiih ~ amount of characteristic j provided by input 
that enters production function h 
tto^h ~ the quantity of the characteristic j that enters 
production function h 
h=i = % 
A representative production function of the set H would appear as: 
^ ^ %(%lh' °'o2h' •••' %mh^ 
To maximize Equation 12 using the variation set of Equation 13, differen­
tiate the set of Equation 14 with respect to x^j^ and equate to zero. 
H n H 
n = Z Pjj ^h^^'olh' G^Zh' • • • » °'omh^ ^ ^ ^i ^ ih 
h=l i=l h=l 
11 
3n/3xjjj = Z (9Fh/3aoj%)(3aojh/3Xih) - = 0; [15] 
j-1 
1"" 1 ) . #. ) n 
h = 1, 2, ..., H 
= Ph.% ^Fb/3aQj^)(3aojh/3Xih); ^  ...» n 
J—i. 11 — j.) Z) • • • 9 H 
[16] 
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9a /3x^j^ is the change in the quantity of characteristic 
^ j which enters the h.^^ production function frmn 
a unit change in amount of input x^; 
3 F ^ / i s  t h e  m a r g i n a l  p h y s i c a l  p r o d u c t  o f  h  f r o m  a ^  
unit of characteristic j which enters the htb 
production function; 
is the price per unit of output h. 
Equation 16 defines the value of an input used in producing good h to 
a user because the P^'s are known, the 3Fh/3aojh are known technological 
relationships and the may be objectively measured. The 
implicit price of a characteristic j used in product h, which shall be 
called tjh, is simply Ph^^^h''^°'ojh^ * implicit price, tj^, will vary 
with the price of the h output and the productivity of the jth character­
istic in the h^^ production function. 
The characteristics may be separated into nonunique and unique 
ones as in the single output model. Equation 17 is the multiple 
output, independent production function model equivalent of Equation 
5. 
m 
fc=l 
where 
Qokij. ~ the quantity of the nonunique characteristic 
k that enters production function h; 
k~ 1, 2, ..., m 
%£h ~ Che quantity of the unique characteristic 
I that enters production function h; 
I = m+1, urfZ, m+n 
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Equation 17 would, like Equation 9, be useful in evaluating 
grading systems because it reveals implicit prices for characteristics. 
Statistical Model 
Although nonlinear models can also be developed, a linear combination 
of quality characteristics would provide a statistical model for valuing 
commodities. 
Define: 
V = rj^ 
bi = PhOFh/Saojh) 
^i = 3aojb/3=i 
Let the commodity valuation function be 
V = b^x^ + b2X2 + ... + bjjXj^ + e 
where 
Xj = the quantity of the ith measured characteristic 
bi = the price of the i^^ measured characteristic 
per unit of characteristic i 
V = the value of the commodity 
e = the error term 
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If x^, ..., are random variables that have means and 
2 2 
variances cj^, ...» a^, if P^j» if j, is the correlation coefficient of 
and Xj, if b^, bj^ are real constants, and if E(e) = 0, then the mean 
and the variance of the commodity valuation function are, respectively, 
Uy = Zb^Ui 
and 
2 . %2 2 at = Z b. a. + 2 ZE b-b. p.. 
1 i<j J J 
or 
n 
= Z b? + 2 ZZ b.b. CT- -
1 ^ ^ i<j J J 
because the correlation coefficient p^j equals the covariance divided 
by the standard deviations of the random variables j. (26, p. 168) 
The question arises as to what number of quality characteristics 
should be included in the commodity valuation function. If two character­
istics are highly correlated, then one of them could be omitted. This 
fact is especially helpful if one characteristic is not easily measurable. 
If an economically important characteristic is not measurable in a grading 
system because of technical or economic reasons, its highly correlated 
measurable surrogate may be used to replace it. If the correlation for a 
pair of characteristics is zero, then both characteristics should be 
included in the commodity valuation function assuming th^ both have 
economic importance. 
Multiple linear regression using the method of least squares provides 
one method of estimating the characteristic prices for the linear 
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combination of quality characteristics. A desirable criterion for the 
linear function V is that it have minimum variance. The least squares 
estimator of B has minimum variance. In a linear regression model, 
the common assumptions are that the independent variables are 
known constants measured without error, the b^ unknown parameters 
are to be estimated, and the e^^ errors are independently distributed 
random variables with mean zero and variance 
Waugh (74) used linear regression to analyze quality in 
vegetables. His prices were the highest competitive bids received in 
a fresh produce market and he independently measured the diameters, 
lengths, sizes, and colors of the vegetables. This technique allowed 
Waugh to determine the economic importance of the measured vegetable 
characteristics. Linear regression could not be used in the present 
study to estimate the characteristic prices because the B^'s were 
the predetermined factor discounts used to determine the net price of 
the com. 
If characteristic prices change significantly over the quality range 
or if two characteristics have significant correlation over a segment of 
their quality ranges, it may be necessary to separate a characteristic 
into two or more variables in the commodity valuation function. The 
statistical interaction of moisture content and test weight per bushel of 
com is a possible example. Dummy variables are another possibility if 
presence or absence of a characteristic is important. The presence or 
absence of odors, colors, insects, or stones is a possibility in grain 
grading that might require dummy variables. Adelman and Griliches (2) 
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used dummy variables in their analysis of automobile quality for this 
purpose. 
A second criterion for the commodity valuation function is that it 
have a high R^, which is called the coefficient of determination. For a 
given regression equation, it seems reasonable to expect that a correla­
tion coefficient will measure how closely the sample points hug the 
regression curve. The coefficient of determination R^ is defined as the 
ratio of the sum of squares due to regression divided by the corrected 
sum of squares. In multiple linear regression, this may be expressed as 
R2 = ^1^ xiv + ... + bpl x^v 
Zv2 
where 
Xi = Xi - Xi 
V = V - V 
The square root of R^ is known as the multiple correlation coeffi­
cient. R may be thought of as a simple linear correlation between V and 
V where 
A .A A A 
V = bo + b^Xi + ... + b^Xn 
with R equal to +1 representing perfect positive linear association and 
with R equal to -1 representing perfect negative linear association. A 
high indicates that the commodity valuation equation is explaining 
most of the commodity price dispersion due to quality variation. 
A 
The true value may fail to achieve the V predicted value because of 
measurement error in the V or because of stochastic error because of the 
inherent irreproducibility of the pricing phenomena. Stochastic error 
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may be regarded as the influence on V of many ociitted variables, each 
with an individually small effect. 
The coefficients in a multiple regression equation can be considered 
as partial correlation coefficients (51, p. 228). Partial correlation 
refers to the correlation between two variables in a multivariable problem 
under the restriction that any common association with the remaining 
variables (or with some of them) has been eliminated. The prices in the 
commodity valuation equation can be considered partial regression 
coefficients where, for example, b2'134, an equivalent expression of b2, 
represents how V would vary per unit change in characteristic X2 if 
characteristics x^, xg, and x^ were all held fixed. The b^ can be tested 
for statistical significance under the null hypothesis that = 0 by 
computing t = bi/Sg c^^ with f = n - q degrees of freedom, where Sg is 
the residual mean square, q is the number of coefficients estimated, and 
Cjj is the variance of the i^h variable. Any characteristic whose null 
hypothesis = 0 is not rejected may be omitted from the grading scheme 
because its price is not statistically different from zero. 
The problem of multicollinearity occurs when the independent 
variables x^ and Xj are highly correlated. This does not cause problems 
in predicting V provided there is no attempt to predict for values of xi 
alone (or Xj alone) on V cannot be sensibly investigated (78, p. 295). 
Multicollinearity provides another reason to avoid highly correlated 
characteristics for the commodity valuation function. If the assumption 
of homoscedasticity, meaning that all the e^ have the same variance is 
not met, the model must be adjusted. 
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Linear Programming Model 
While the classical theory of production is theoretically sound, it 
is not usually practical for the solution of problems in the real world. 
Linear programming has been developed as a branch of mathematics which can 
be adapted for the solution of diverse business problems when the problems 
satisfy certain conditions. A linear programming problem has three parts; 
an objective function, a set of alternative activities, and a set of 
restrictions. 
The objective function is the function to be maximized or minimized. 
Profits or revenues are commonly the objective function in a maximization 
problem while costs are commonly the objective function in a minimization 
problem. The objective, while usually expressed in monetary terms, may 
be expressed in whatever terms appropriate for the problem. 
An activity is a specific technical method of producing the commodi­
ties listed in the objective function. The programming procedure chooses 
among the alternative activities those most efficient in converting 
resources into commodities to attain the objective. 
Restrictions, the third part of a linear programming problem, are 
limitations on the values of the variables listed in the objective func­
tion. The task of the programming procedure is to determine the optimal 
solution among n feasible solutions as defined by the objective function. 
When completely written out, a maximization program in n variables 
and subject to m restraints will appear as follows: 
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Maximize H 
subject to 
and 
= cixi + C2X2 + ... + CjiXn 
^11*1 + ai2%2 + ••• + ain^n - ri 
321X1 + 322*2 + ... + aZn^n - ^ 2 
^jui^i 3m2X2 + • •. + 3]JJQXJJ — Tjjj 
Xj % 0; j = 1, 2, n 
In matrix notation, a maximization problem will appear as : 
Maximize H = c'x 
subject to 
Ax ^ r 
and 
X ^ 0 
where n is the synibol for the objective to be maximized and c, x. A, and r 
are the following matrices: 
ci 
C2 
cn 
f r 
X2 
X = 
Xn 
A = 
11 ^ 12 ••• ®ln 
&21 ^ 22 ••• &2n 
%1 %2 • • • ^mn 
r = 
ri 
^2 
•m 
The concept of duality provides a method for measuring the prices of 
characteristics of production inputs. For every Il-maximization program 
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there exists a counterpart II*-minimization program such that min II* = 
max n. Similarly, for every C-minimization program there exists a 
counterpart C*-maximization program such that max C* = min C. The original 
linear program is commonly known as the primal and its counterpart is 
commonly known as the dual. Because the optimal values of the objective 
functions in the primal and in the dual are always identical provided 
the optimal feasible solutions do exist, one has the option of picking 
the easier of the two programs to work with. It is always possible to 
translate the solution values of the dual-program variables into those 
of the primal-program variables and vice versa. 
The fact that the primal and the dual may contain different numbers 
of restrictions and choice variables is what accounts for the possibility 
of there being different degrees of ease in their solution. One can 
select whichever program has fewer restrictions because the fewer the 
restrictions, the smaller the dimension of the basis will be and the 
fewer variables must be added. 
In addition to computational advantages, the concept of duality may 
provide exceedingly important economic information. Consider the 
maximization problem and its dual expressed in matrix notation. 
Primal Dual 
Maximize H c X Minimize II* = r'y 
subject to Ax ^ r subject to A'y t c 
and X > 0 and 
In this primal, H denotes profit in dollars. Because max II = min II*, 
the symbol H* in the dual must also be in dollars. Because the 
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symbol refers to the total quantity of the i^h resource, the symbol y^ 
must be expressed in units of dollars per unit of the i^^ resource to 
allow each term r^y^ to be expressed in dollars. Therefore, y^ must sig­
nify some kind of valuation of the resource in question. This value is 
not a market price but rather an imputed or shadow price. It is convenient 
to regard yj^ as the opportunity cost of using the resource in question. 
Examination of the three parts of the dual program using this approach 
provides the following interpretations. First, what the nonnegativity 
restrictions yi - 0 mean is that it is forbidden to impute to any resource 
an opportunity cost of less than zero. This requirement seems sensible 
because a positive value should be imputed to a resource, unless the latter 
is not fully utilized. A positive opportunity cost for a resource (y^ > 0) 
is always to be associated with the full utilization of the resource in the 
optimal solution. 
The restrictions in the dual also have meaning. Examine the first 
restriction of the dual. 
^11^1 + 22172 - CI [18] 
Because the coefficient a^j denotes the amount of the i^^ resource used in 
producing a unit of the commodity, the left side of Equation 18 repre­
sents the total opportunity cost of production of a unit of the first 
commodity (j=l). The right-hand term C]_ denotes per-unit profit of the 
first commodity. Therefore, this restriction requires that the opportunity 
cost of production be imputed at a level at least as large as the profit 
from the commodity. If the opportunity cost of production should exceed 
the profit, then the resource allocation must certainly be nonoptimal 
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because, by simply dropping the first commodity, resources will be 
released that can immediately be utilized to better advantage elsewhere. 
Mathematically J if the > part of the > sign in Equation 18 holds in the 
optimal solution, then the first commodity should not be produced 
(x^ = 0). On the contrary, if the first commodity is actually produced 
Cxi 4 0), then the opportunity cost of production must exactly equal the 
revenue and the = part of the > sign in Equation 18 must hold in the 
optimal solution. The other restrictions in the dual can be given an 
analogous interpretation. 
Recalling that the r^'s are the total quantities of available 
resources, the expression min II* = riyi + r2y2 denotes the total value 
imputed to the firm's resources. The dual program minimizes this total 
while fulfilling the restrictions. The correspondence between the primal 
and the dual suggests that to maximize returns by finding the optimal 
output levels in the primal is equivalent to minimizing the total imputed 
value or opportunity cost of the firm's resources, with the condition 
that the opportunity cost of each commodity must be no less than the 
return from that product (10, p. 267). 
Consider the variation in the feasible set of solutions caused by 
varying the r vector in the primal restriction. Since each restriction 
is of the form Z a^jXj ~ r^, variation in r^ is equivalent to moving the 
restriction boundary E ^ij*j ~ ^ i toward or away from the origin, but 
maintaining the same slope, which is determined by the a^j's. If 
restrictions are varied in a parallel fashion and a given extreme point 
is optimal for one case, the equivalent extreme point will be optimal in 
every other case in which it still exists. The variations in r which 
72 
can take place without destroying the feasibility of the original basis 
are often quite wide. 
Consider a linear program with primal restriction vector r, optimal 
value for the objective function II*, and optimal dual vector y*. Let r 
now be varied to r + Ar, subject to the condition that the original 
optimal basis remains feasible. Then the variation ATI* in the optimal 
value of the objective function is given by 
All* = y* Ar 
In particular, if only the component of r changes, 
AH* = y* Ari 
and 
AII*/Ari = y* 
which gives the interpretation of the i^^ dual variable (at optimum) as 
the marginal value to the program of relaxing the i-- restriction,. In a 
typical economic context, it will be the marginal social value, or 
marginal revenue, of increasing the corresponding resource, thus justify­
ing the usual interpretation of the dual variables as shadow prices or 
opportunity costs (23, 38). 
The shadow prices, the y*'s, generated by an appropriate linear pro­
gramming model can provide the required economic information for the 
evaluation of grading systems. A shadow price, y^^, is an implicit price 
for the marginal unit of quality characteristic i available. Character­
istics with nonzero shadow prices can be used to define the grading 
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system. Characteristics with zero shadow prices may be omitted because 
these characteristics do not affect the value of the input to the firm. 
Because the optimal solution will be located at a corner point on the 
boundary of the solution space, the number of scarce characteristics 
with nonzero shadow prices will often be small. This feature of linear 
programming results in the fortunate outcome of permitting a grading 
system to be defined with few, but economically significant, character­
istics. 
One appropriate linear programming model for generating the shadow 
prices of characteristics consists of a revenue function to be maximized, 
a matrix of characteristic requirements, a right-hand-side of stocks of 
available characteristics, and a set of nonnegativity restrictions. A 
com blending application and a feed mixing application based on this 
linear programming model are presented. The relevance of these applica­
tions to the evaluation of com grading systems is discussed in a later 
chapter. 
In the corn blending application, a com merchandiser maximizes his 
total revenue, Z, over the grades of corn he may blend and market from 
his stocks of com. The objective function of the primal may be written: 
Maximize Z = c^x^ + C2X2 + C3X3 + 04x4 + C5X5 + ... + c^Xn 
The Xjj's are the units of each grade, such as bushels, which the 
firm will determine by the optimization procedure. The c^^s are the 
market prices for the grades of corn. The Ax < r set of restrictions must 
be defined. Each a^^ refers to the amount of characteristic k needed to 
produce one bushel of grade h. The r^'s indicate the quantities of the 
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com characteristics available to the firm. The r^'s can be determined 
by multiplying the characteristic k measurement of the i^h. input lot 
times the quantity of the i^ input lot and summing over all input lots 
for each characteristic k. The nonnegativity restrictions are that each 
(h = 1, 2, n) must be equal to or greater than zero. 
The objective function of the dual of the com blending application 
is : 
Minimize Z* = r^y^^ + r^y^ + + r^y^ + ^ ^5+ •• • + Vm 
subject to the A'y Z c set of restrictions 
and the nonnegativity restrictions that each y^ (k = 1, 2, ..., m) must 
be equal to or greater than zero. The y^/s will be the implicit prices 
for the com characteristics. In the optimal solution max Z = min Z*, 
which means that the returns from selling the different grades of com 
must equal the total value of the characteristics used to produce the 
different grades. If the stock of characteristic k is fully utilized, 
it will have a positive y^^ price. If the stock, of characteristic k. is 
not fully utilized, it will have a zero y]^ price, the com blending 
application can be used whenever stocks of a commodity are blended with 
other stocks of the same commodity to produce grades of the commodity 
with different market prices. 
In the feed mixing application of the linear programming model, a 
feed manufacturer maximizes his total revenue by producing mixed feeds 
from com and other ingredients such as oats and tankage. The solution 
of this application will reveal the optimal quantities of feeds for the 
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firm to produce and the implicit prices for input characteristics. The 
objective function of the primal program is: 
Maximize Z = c^x^ + 02^2 •*" cgxg + C4X4 + C5X5 + ... + c^x^ 
The xjj's are the units of each feed, such as pounds or tons, which the 
firm will determine by the optimization procedure. The c^^'s are the 
market prices fcr the feeds. The Ax ^  r set of restrictions must be 
defined. Each a^h refers to the amount of characteristic k needed to 
produce one ton of feed h. The r^'s, the characteristic stocks the firm 
has on hand, can be determined by multiplying the characteristic k 
measurement of the i^^ input lot times the quantity of the i^^ lot and 
summing over all input lots for each characteristic k. The nonnegativity 
restrictions are that each x^ (h = 1, 2, ..., n) must be equal to or 
greater than zero. 
The objective function of the dual of the feed mixing application 
is : 
Minimize Z* = r^y^ + + ^ 373 + + .. • + 
subject to the A*y ^ c set of restrictions 
and the nonnegativity restrictions are that each y^ (k = 1, 2, ..., m) 
must be equal to or greater than zero. Each yj^ of the optimal solution 
to the dual program is a shadow price for the k^^ characteristic. 
The com blending application and the feed mixing application are 
structurally identical because they are based on the same linear pro­
gramming model. Input characteristics from noncom sources are required 
in the feed mixing application. Another grain, such as oats, may be 
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considered as a single input characteristic. Corn characteristics not 
found in the blending application are permitted in the feed mining appli­
cation. In the optimal solution max Z = min Z*, which means that returns 
from selling the feeds must equal the total value of the characteristics 
used to produce the different feeds. Both the com blending and the feed 
mixing applications impute prices for com characteristics which may be 
useful in evaluating com grading systems. 
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EMPIRICAL ANALYSIS 
The linear programming model developed in the chapter on theoretical 
models of pricing quality can be empirically applied. The first example 
uses the com blending application to show how the imputed price for the 
characteristic of broken corn and foreign material changes as the quantity 
of broken com and foreign material is increased in 56 bushel increments. 
The problem is to maximize revenue by blending one or more grades of com 
from the characteristic stocks. The problem may be expressed in matrix 
form as: 
Primal Program 
Max n = c'x 
subject to Ax - r 
and X - 0 
Dual Program 
Min H* = r'y 
subject to A'y - c 
and y - 0 
The A matrix indicates grade specifications for the five U.S. corn grades. 
The c matrix indicates market prices for these five grades in cents per 
bushel. The r matrix indicates actual stocks of the characteristics 
available in 4 carloads of corn (672,000 pounds) shipped from a country 
elevator. The x vector indicates quantities of each grade which will be 
determined by the optimization procedure. 
Initial r = 1,851 bushels of moisture 
675,024 pounds of test weight 
0 bushs] 
168 bushels of damaged kernels 
672,000 pounds of weight 
-672,000 pounds of weight 
c = lOOç for grade No. 1 
lOOc for grade No. 2 
91Ç for grade No. 3 
790 for grade No. 4 
63ç for grade No. 5 
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The initial set of restrictions is: 
Moisture restriction 
14.0x1 + 15.5x2 + 17.5x3 + 20.0x4 + 23.0x5 - 1,851 
Test weight restriction 
56.0x2 + 54.0x2 + 52.0x3 + 49.0x4 + 46.0x5 - 675,024 
Broken corn and foreign material restrictions 
2.0x2 + 3.0x2 + 4.0x3 5.0x4 + 7.0x5 - 0 
Total damage restriction 
3.0x1 + 5.0x2 + 7.0x3 + 10.0x4 + 15.0x5 - 168 
Weight restrictions 
56.0x1 + 56.0x2 + 56.0x3 + 56.0x4 + 56.0x5 - 672,000 
-56.0x1 - 56.0x2 - 56.0x3 - 56.0x4 - 56.0x5 - -672,000 
The nonnegativity restrictions are that each x^ (h = 1, 2, ..., 
be equal to or greater than zero. 
The objective function of the dual is: 
Minimize Z* = riyi + r2y2 + 1^373 + ^ 474 + r5y5 - r^y^ 
subject to the following set of initial restrictions: 
Grade 1 restriction 
14.0yi + 56.0y2 + 2.0y3 + 3.0y4 + 56.Oy^ - 56.0y& - 100 
Grade 2 restriction 
15.5vt + 54.0vo + 3.Qvo + 5.0v/. + 56.0vc - 56.0vc - 100 
" T  ^  ^  \ J  
Grade 3 restriction 
17.5y2 + 52.0y2 + 4.Oy3 + 7.0y4 + 56.Oy^ - 56.0y6 - 91 
Grade 4 restriction 
20.0yi + 49.0y2 + 5.0y3 + 10.0y4 + 56.0y5 - 56.0yg - 79 
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Grade 5 restriction 
23.0yi + 46.0y2 + 7.0y^ + 15.Oy^ + 56.Oy^ _ 56.Oy^ - 63 
The nonnegativity restrictions are that each y^ (k = 1, 2, 5) must 
be equal to or greater than zero. 
Eleven solutions were obtained as the characteristic of broken corn 
and foreign material was increased in 56 bushel increments. Table 13 
presents the primal and dual solutions for the eleven optimizations. 
The first five solutions are identical as the third element of r 
is increased in 56 bushel increments from zero bushels to 224 bushels. 
Six hundred bushels of No. 1 corn and 11,400 bushels of No. 2 corn are 
blended. Reduced cost refers to the reduction in revenue in cents per 
bushel, if a bushel of a grade not in the optimal solution was forced 
into the solution. Because none of the four grade characteristics were 
scarce in the first five solutions, a shadow price of zero was imputed 
to them. The characteristic of weight was scarce and was imputed a 
shadow price of 1.78 cents per pound. One less pound of weight would 
reduce the total revenue by 1.78 cents. 
As the quantity of broken com and foreign material increased in the 
remaining six optimizations, solutions yielded com blends of pro­
gressively lower grades. The revenue decreased with each solution 
because lower prices are associated with lover grades. 
The reduced cost figures and the imputed prices changed twice: once 
at the 280 bushels of BCFM level, and once at the 392 bushels of BCFM 
level. The imputed price of BCFM at the 280 bushel level was $9.00 per 
bushel of BCFM. and the imputed price of BCFM was $9.33 per bushel of 
BCFM at the 392 bushel level. The imputed price of BCFM is an economic 
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Table 13. Solutions to an example of the com blending application of 
the linear programming model 
Bushels to Reduced Imputed 
Grade produce cost Characteristic prices (c) 
Solutions 1 through 5: BCEM = 0 » 56, 112, 168 , 224 bushels; n = $12,000 
1 600 0 Moisture 0 
2 11,400 0 Test weight 0 
3 0 9 BCFM 0 
4 0 21 Damage 0 
5 0 37 Weight 1.78 
Solution 6: BCFM = 280 bushels; n = $11,559 
1 0 9 Moisture 0 
2 7,100 0 Test weight 0 
3 4,900 0 BCFM 900 
4 0 3 Damage 0 
5 0 1 Weight 2.26 
Solution 7: BCFM = 336 bushels; n = $11,055 
1 0 9 Moisture 0 
2 1,500 0 Test weight 0 
3 10,500 0 BCFM 900 
4 0 3 Damage 0 
5 0 1 Weight 2.26 
Solution 8: BCFM = 392 bushels; n = $10.537 
1 0 9.7 Moisture 0 
2 0 .3 Test weight 0 
3 10,633 0 BCFM 933.3 
4 0 2.7 Damage 0 
5 1,367 0 Weight 2.9 
Solution 9: BCFM = 448 bushels; n = $10,015 
1 0 9.7 Moisture 0 
2 0 .3 Test weight 0 
3 8,767 0 BCFM 933.3 
4 0 2.7 Damage 0 
5 3,233 0 Weight 2.9 
Solution 10 : BCFM = 504 bushels J n = = $9,492 
4. 0 9.7 Moisture 0 
2 0 .3 Test weight 0 
3 6,900 0 BCFM 933.3 
4 0 2.7 Damage 0 
5 5,100 0 Weight 2.3 
Solution 11 : BCFM = 560 bushels ; n = = $8.969 
1 0 9.7 Moisture 0 
2 0 .3 Test weight 0 
3 5,033 0 BCFM 933.3 
4 0 2.7 Damage 0 
5 6,967 0 Weight 2.3 
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measure of how much could be spent at the margin to acquire an additional 
bushel of BCFM. Solution 6 states that $9.00 could profitably be spent to 
acquire an additional bushel of BCFM for blending with the other com 
characteristics when the stock of BCFM is 280 bushels. 
The second example of the linear programming model combines the 
com blending application and the feed mixing application. The tableau 
for this application is given in Table 14. The corn merchandiser has 
the choice of five numerical grades of com, six special grades of corn, 
and two feeds which he may blend or make. The a^j specifications for the 
dry miller, the wet miller, the distiller, and the exporter special grades 
were taken from com industry questionnaires as the most desirable 
characteristic levels for these users. The com merchandiser knows the 
quantity of each characteristic stock he has on hand, and he has market 
prices for each com grade and each feed. The optimization procedure 
computes the quantity of each grade or feed to produce and it imputes a 
price for each characteristic. 
In the optimal solution the corn merchandiser should make 950 units 
of feed one and blend no com in order to maximize his revenue, as shown 
in Table 15. Because a unit of feed is 100 pounds, one less pound of 
weight would reduce the revenue by 9.5 cents. Given the ample stocks of 
lysine, starch, oats, and soybean oil meal with respect to weight, the 
value of com used as feed one was high in relation to the value of corn 
in any of the com grades. Higher prices for corn grades, lower feed 
prices, or more limited stocks of lysine starch, oats, or soybean oil meal 
would bring some com blends into the optimal solution. A parametric 
program which would increase the price of one of the com grades in the 
Table 14. Tableau for the combined corn blending and feed mixing application of the linear program­
ming model 
Characteristic Xi'» X2 X3 X4 X5 XST Xdm xds xep XFI Xp2 XWM Xpp r 
Rb 150 140 130 115 100 160 145 155 136 950 850 136 170 
Moisture .14 .155 .175 .20 .23 .12 .14 .14 .155 .18 .13 .175 .140 20,000 
Test weight 56 54 52 49 46 54 54 56 54 52 54 54 56 75,000 
BCM .02 .03 .04 .05 .07 .03 .02 .02 .04 .20 .10 .08 .02 2,400 
Damage .03 .05 .07 .10 .15 .05 .01 .01 .07 .02 .02 .03 .01 1,900 
Weight 56 56 56 56 56 56 56 56 56 100 100 56 56 95,000 
Lysin2 0 0 0 0 0 0 0 0 0 .05 0 0 .06 5,000 
Starch 0 0 0 0 0 0 Q 0 0 0 0 .10 0 10,000 
Oats G 0 0 0 0 0 0 0 0 .25 .10 0 0 20,000 
Soybean oil meal 0 0 0 0 0 0 Q 0 0 .05 .30 0 0 15,000 
^Column Xi through X5 = five U.S. corn grade specifications; 
Column XsT = possible storage specification; 
Column Xdm = possible dry miller specification; 
Column Xj)s = possible distiller specification; 
Column Xgp = possible exporter specification; 
Column Xpi = feed one specification; 
Column Xp2 = feed two specification; 
Column XtJM = possible wet miller specification; 
Column XpD = possible food proc&ssor specification; 
Column R = characteristic stocks available in pounds. 
^Row n = prices', for the various j'.rades of corn. 
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Table 15. Optimal solution to the combined corn blending and feed mixing 
application of the linear programming model Cn = $9,025) 
Grade Quantity Reduced Imputed 
or feed to produce cost Characteristic price (c) 
0 382 Moisture 0 
X2 0 392 Test weight 0 
X3 0 402 BCEM 0 
X4 0 417 Damage 0 
X5 0 427 Weight 9.5 
XsT 0 372 Lysine 0 
Xdm 0 387 Starch 0 
Xjjg 0 377 Oats 0 
Xep 0 397 Soybean oil meal 0 
Xpi 950 0 
Xf2 0 100 
XWM 0 396 
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objective function could be used to determine how large the price of the 
com grade would have to be to bring that grade of corn into the optimal 
solution. 
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CORN SAIŒ'LE AND QUESTIONNAIRE RESULTS 
Two independent types of primary data were collected for the 
appraisal of market corn quality and the evaluation of alternative com 
grading systems. 1) Physical samples of com were collected for the 
determination of com quality at various points in the marketing channel. 
2) Questionnaires were mailed to six major sectors of the com industry 
to obtain information and attitudes about com quality and alternative 
grading sys tems. 
The data collection procedures, the statistical analysis of the 
data, and a discussion of relationships in the data are presented in this 
chapter. Inferences made from the data useful in the evaluation of 
grading systems are discussed in the next chapter. 
Market Corn Samples 
Twelve cooperating country elevators in a ten county area in north 
central Iowa provided 263 samples of farmer-delivered com during the 
1971 fall harvest period. The ten county sample area is shown in 
Figure 5. All 263 com samples were submitted to an official grain 
inspector for determination of the quality characteristics of moisture, 
test weight, broken com and foreign material, total damaged kemels, 
and numerical grade. A subset of the 263 samples, 107 samples, was 
divided with a Boerner grain divider. One part was sent to the Iowa 
State University Seed Laboratory for mechanical damage analysis and 
germination test, and the other part was sent to the USDA Grain Marketing 
Research Center for a breakage test. The mechanical damage analysis 
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Figure 5. Fall harvest sample area 
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consisted of separating the sample into five portions: broken com and 
foreign material less than 12/64 inch, broken corn over 12/64 inch, whole 
kernel with major damaged pericarp, whole kernel with minor damaged 
pericarp, and sound kernels. The broken corn and foreign material 
portion included all material passing through a 12/64 inch round-hole 
standard com grading sieve plus all foreign material remaining on top 
of the sieve. The broken com greater than 12/64 inch consisted of all 
obviously cracked or broken kernels hand picked by a lab technician. 
After sieving, the sample was stained with green dye. The hand picked 
portion consisting of whole kernels with major damaged pericarp included 
all kernels with large cracks in the seed coat as evidenced by the 
penetration of the green dye. The hand picked portion consisting of whole 
kernels with minor damaged pericarp included all remaining kernels with 
small seed coat cracks as evidenced by the penetration of the green dye. 
Sound kernels included all remaining kernels that showed no dye penetra­
tion, The germination test followed the procedure of the Association of 
Official Seed Analysts for testing the germination of com seed. Samples 
sent to the US DA Grain Marketing Research Center, Manhattan, Kansas were 
subjected to a measurement of the samples' susceptibility to breakage. 
McGinty (42) describes this procedure. The mechanical damage and breakage 
tests were deemed desirable after extensive preliminary research with com 
merchandisers, agricultural engineers, and grain inspectors. 
Eleven of the country elevators provided 66 samples of rail-shipped 
corn during the winter of 1971-72. The twelfth elevator sold no com 
during the winter. The elevators were selected over the ten county area 
because each had a USDA approved mechanical sampler in their rail load-out 
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spout. The mechanical sampler uses an automatic diverter shuttle to 
sample the flowing grain stream at predetermined intervals. The sample 
flow is divided into two separate plastic bags. One bag is submitted 
to an official grain inspector and the other bag is held in case an 
appeal inspection is needed. The data collection for these rail-shipped 
samples consisted of obtaining the grade factors from the official 
inspection report and obtaining the appeal bag after it was no longer 
needed for the mechanical damage analysis, germination test, and breakage 
test. 
Grade information was obtained on rail car lots which arrived at a 
Des Moines terminal elevator in November and early December 1971. Grade 
information on 85 boxcars and 40 hopper cars was obtained. The appeal 
samples on these lots were provided by the grain grading agency. Forty-
six boxcar samples and twenty-eight hopper car samples were submitted for 
mechanical damage analysis, germination test, and breakage test. Grade 
information and the appeal sample were also obtained for 60 outbound 
railcars from the terminal elevator. These samples were taken by the 
firm's USDA approved mechanical sampler in its rail load-out spout. A 
subset of 30 samples was submitted for mechanical damage, germination 
test, and breakage test. 
Another attempt to assess the quality of Iowa market com was the 
collection of grade information and the official inspection bag from 
three unit trains leaving in January 1972 for export at Houston, Texas. 
These data were obtained through the cooperation of three country 
elevators in northern Iowa and two grain grading agencies. The 168 
samples were taken by USDA approved mechanical samplers. A subset of 
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60 samples (20 from each of 3 elevators) was submitted for mechanical 
damage analysis, germination test, and breakage test. 
Truck-inbound and barge-outbound samples taken at a Mississippi 
River bargehouse in the spring of 1972 furnished additional data on the 
quality of com exported from Iowa. Grade information and mechanical 
damage analysis and germination test data were obtained on 30 truck 
samples and 24 barge samples. Both the truck and the barge samples were 
probe samples. ^ grain grading agency provided the grade information 
and the samples. Table 16 presents the number of samples taken at the 
different places in the com marketing channel. 
Table 16. Number of corn samples collected for characteristic study 
Grade Mechanical damage USDA 
Sample source information and germination breakage test 
Fall farmer delivered 263 107 105 
Winter country rail shipped 68 66 65 
Winter terminal inbound 125 74 74 
Winter terminal outbound 60 30 30 
Winter unit trains 168 60 60 
Spring truck in 30 30 0^ 
Spring barge out 24 24 Oa 
^The breakage test data on the truck and barge samples were lost 
because insects invaded the samples while in storage at the USDA lab at 
Manhattan, Kansas in the summer of 1972. 
Table 17 presents the quantities of Iowa com on which grade 
information was obtained. These quantities were estimated by assuming: 
1 farmer load = 300 bushels 
1 boxcar load = 2,000 bushels 
1 hopper car load = 3,300 bushels 
1 truck load - 500 bushels 
1 barge load = 50,000 bushels 
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Table 17. Estimated number of bushels of Iowa com on which grade 
information was obtained 
Source Bushels 
Fall farmer delivered 
Winter country shipped boxcar 
Winter country shipped hopper car 
Winter terminal inbound boxcar 
Winter terminal inbound hopper car 
Winter terminal outbound hopper car 
Winter unit train hopper car 
Spring truck inbound 
Spring barge outbound 
78,900 
80,000 
92,400 
170,000 
132,000 
198,000 
554,000 
15,000 
1.200.000 
2,520,700 
Table 18 presents the means and standard deviations for the 
characteristics measurements. >fc)isture levels fell from 19.2 percent 
at the farm level to 15.5 percent or less for com exported from Iowa 
by train or barge. Test weight per bushel increased about one pound 
from the farm level to the export level of marketing. Broken com and 
foreign material increased one to two percent from the farm level to the 
export level. Damaged kernels increased from less than one percent at 
the farm level to as high as 4.4 percent at the export level reflecting 
some spoilage in storage and blending of com. The mechanical damage 
measurement of sound kernels fell from more than 50 percent at the farm 
level to less than 20 percent at the export level. This decrease in 
sound kernels reflects the deleterious effects of artificial drying and 
commercial handling of market com. The drop in percentage of kemels 
germinating from 84 percent at the farm level to 44 percent at the country 
elevator level is sizable. The breakage test also revealed a tendency 
Table 18. Means and standard deviations of market com characteristics 
Fall fanner Winter country Winter unit 
delivered rail shipped train 
Quality characteristic Mean S.D. Mean S.D. Mean S.D. 
Grade factors 
Moisture, % 19.2 2.1 14.4 1.7 15.2 0.9 
Test weight/bushel, lbs. 54.8 1.8 56.4 0.8 55.6 0.5 
Broken com and 
foreign material, % 1.2 0.9 2.3 1.2 3.2 0.9 
Damaged kernels, % 0.8 0.8 3.7 4.1 2.9 1.1 
Mechanical damage analysis 
Broken com and foreign 
material (< 12/64 inch), % 1.3 0.9 1.7 1.0 3.1 1.6 
Broken com, over 12/64 inch 
and less than whole 
kemel, % 7.3 3.6 7.8 2.3 14.8 3.8 
Whole kemel with major 
damaged pericarp, % 12.6 5.6 16.7 4.2 17.7 3.1 
Whole kernel with minor 
damaged pericarp, % 27.5 7.8 48.1 8.0 46.7 6.3 
Sound kemels, % 51.7 10.3 25.7 8.5 17.7 4.7 
Germination, % 83.7 14.3 43.6 18.7 37.6 8.0 
Breakage test, % 3.7 2.2 7.1 4.0 11.2 3.2 
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Winter boxcar Winter hopper Outbound Truck to Barge 
to terminal to terminal terminal bargehouse out 
Mean S.D. Mean S.D. Mean S»D. Mean S.D. Mean S.D. 
17.2 2.8 16.9 3.3 15.2 0.2 14.0 1.5 13.8 0.6 
56.0 1.6 56.2 0.4 56.3 0.3 55.1 1.0 55.5 0.3 
1.8 0.7 2.6 3.2 2.3 0.3 2.3 1.2 2.8 0.8 
2.7 2.1 3.2 3.0 4.4 0.5 3.0 2.9 3.2 1.0 
1.7 0.8 2.4 1.9 2.7 0.6 1.9 1.0 2.1 0.7 
9.0 2.6 9.4 2.2 11.3 2.0 7.3 2.3 8.6 1.6 
12.4 4.9 10.3 3.5 14.0 2.3 16.3 5.2 18.6 3.5 
39.3 9.6 38.1 8.5 50.7 3.9 37.7 6.6 43.5 3.7 
37.7 13.1 39.8 12.4 21.4 4.0 36.8 11.0 27.1 5.6 
50.8 22.5 50.8 16.5 44.3 6.5 15.1 18.1 27.1 7.0 
7.5 5.5 6.3 4.0 8.3 1.9 
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com at the export level to break up at a rate twice as frequently 
as at the farm level. 
Correlations for the various quality measurements were computed 
and can be found in Appendix A. Figures 6 and 7 present the grade, 
the germination, the breakage, and the mechanical damage correlations 
having 5 percent and 1 percent statistical significance. 
Figure 8 presents the number of samples whose characteristic 
measurement was included in each of the numerical com grades for each 
of the eight sets of market com samples. Figure 8 may be considered a 
characteristic distribution of com quality. Moisture is the character­
istic that almost always determines the numerical grade of corn in 
producer-delivered com. Export com is usually blended to meet the 
specification for No. 2 com. 
Com Industry Questionnaires 
Questionnaires were mailed to Iowa country elevators, United States 
com processors and feed manufacturers, and to United States port exporters. 
Examples of the questionnaire can be found in Appendix B. Table 19 pre­
sents the number of firms surveyed, the number of usable responses, and the 
percentage responses by type of com merchandiser or processor. 
Table 19. Survey design and response 
Number Number Percent 
Type surveyed responses response 
Iowa country elevator 293 197 67 
U.S. dry millers 40 19 48 
U.S. wet millers 16 11 69 
U.S. distillers 27 11 41 
U.S. feed manufacturers 50 31 62 
U.S. port exporters 49 39 
Grade 
Moisture-test weight 
Moisture-BCFM 
Moisture-total damagfi 
Test weight-BCFM 
Test weight-total damage 
BCFM-total damage 
Germination 
Germination-
Germination-
Germination-
Germination-
Germination-
Germination-
Germination-
Germination-
Germination-
Breakage 
•moisture 
•test weight 
•BCFM 
•total damage 
•BCFM (ISU) 
•LBK 
•major PD 
•minor PD 
•sound kernels 
Breakage-mo is ture 
Breakage-test weight 
Breakage-BCFM 
Breakage-total damage 
Breakage-BCFM (ISU) 
Breakage-LBK 
Breakage-major PD 
Breakage-minor PD 
Breakage-sound kernels 
Breakage-germination 
Farmer 
-61 
-21 
16 
32 
-20 
-38 
-40 
-24 
27 
-25 
-36 
58 
57 
20' 
-41 
-67 
Country Terminal 
rail hopper car 
A* 
** 
** 63 
** 
** 
** 
-45 
-30' 
** 
** 
** 
** 
•-45 
48 
32 
36 
49 
** 
-37 
—63 
** 
** 
54 ** 
53 
-38" 
** 
-38 
-40 
-49 
-50 
61 
** 
** 
** 
Terminal Terminal Unit 
boxcar outbound trains Truck Barge 
.** 
-51 ** 
-41 
** 
-29 
-52 
-43 
58 
** 
A* 
** 
-62** -39 
-51 
54** 66 
41* 
45* 56 
66** 57 
63* 71 
60** 36 
-77** —68 
-49** -62 
** 
** 
** 
** 
** 
** 
* 
** 
** 
-27 
-49 ** 
-57 
29 
** 
** 
20 
36 
-31 
60 
29 
47 
63 
** 
** 
** 
** 
-50 
-41 
** 
-55 
47' 
-56 ** 
-51 ** 
-81 
** 
61 ** 
1KB—KC1.1UX11CIU-1.UII 1_ 1 1 -I 
BCFM = broken corn and foreign material; PD = pericarp dajpage; LBK =• large broken kernels 
Figure 6. Com grade, germination, and breakage characteristic correlations having 5% ( ) and 
1% (**) statistical significance. (All correlations have been multiplied by 100 to 
simplify the presentation) 
Country Terminal Terminal Terminal Unit 
Farmer rail hopper car boxcar outbound trains Truck Barge 
. Q** 
Molsture-BCFM (ISU) 
Molsture-LBK -19 ^ 
Moisture-sound kernels 51 /-L * 
Test weight-BCFM (ISU) "^4^^ -43 
Test weight-LBK ~cî** fi7** 
Test weight-major PD * * 
Test weight-minor PD 29 * ** * 
P. :: 33- " :r _. > 
SlsoCÔdkêmeU -35** -37** -«*^ -fl** -58** -52** 
Total damage-BCFM (ISU) 51 
Total damage-LBK ^4 
Total damage-major PD ^ * 
Total damage-minor PD 25** * 
Total damage-sound kernels ** "32 ^ -45^^ -3j ^  * 
BCFM (ISU)-LBK 40 34 74 70 
BCFM (ISU)-major PD 27 33 41 
BCFM (ISU)-minor PD ._** 
BCFM (ISU)-sound kernels "35** -53** go** 
Minor PD-sound kernels -75 -75 ~ 
LBK-major PD 20* 27* 54** 4/* -36 
LBK-mlnor PD ** __** 
LBK-sound kernels -30 * ~ ** 
Major PD-minor PD ** "29** 59^^ ** 
Major PD-sound kernels -56 -34 -oZ -/u , 
BCFM = broken corn and foreign material; PD = pericarp damage; LBK •= large broken kernels 
Figure 7. Corn mechanical damage characteristic correlations having 5% (*) and 1% (**) statistical 
significance. (All correlations have been multiplied by 100 to simplify the presentation) 
49** 52%* 
44* 
-56** 58** 
-59** -42* 
-51** -77** -54** 
65** 47 
-64** 
-62** -57** 
-37** -76** -70** 
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Fall producer-delivered Winter country elevator 
corn (n=263) rail-shipped com (n=66) 
1 2 3 4 5 SG 1 2 3 4 5 SG 
Grade 4 6 31 144 68 10 5 37 17 2 3 2 
Mois ture 7 6 28 146 66 10 21 33 11 1 0 0 
Test weight 92 93 68 10 0 0 54 12 0 0 0 0 
BCFM 230 23 7 2 0 1 33 24 4 2 3 0 
Total damage 260 2 1 0 0 0 40 19 3 0 2 2 
Winter terminal elevator Winter terminal elevator 
hopper car-received (n=40) boxcar-received (n=85) 
1 2 3 4 5 SG 1 2 3 4 5 SG 
Grade 0 11 13 13 1 2 3 22 37 18 4 1 
Moisture 8 9 8 15 0 0 22 21 21 17 4 0 
Test weight 34 6 0 0 0 0 54 26 4 1 0 0 
BCFM 20 10 5 2 1 2 45 26 12 1 1 0 
Total damage 25 11 4 0 0 0 63 16 6 0 0 0 
Winter terminal elevator Winter unit train-shipped 
rail-shipped com (n=60) com (r 1=168) 
1 2 3 4 5 SG 1 2 3 4 5 SG 
Grade 0 57 3 0 0 0 1 84 60 20 3 0 
Moisture 0 60 0 0 0 0 17 107 44 0 0 0 
Test weight 59 1 0 0 0 0 70 98 0 0 0 0 
BCFM 14 45 1 0 0 Û 9 93 43 20 3 G 
Total damage 0 58 2 0 0 0 111 53 4 0 0 0 
Spring truck-received Spring barge-shipped com 
com at Mississippi River at Mississippi River 
Bareehouse (n=30") Bareehouse ( n=24) 
1 2 3 4 5 SG 1 2 3 4 5 SG 
Grade 3 14 7 5 1 0 0 20 2 2 0 0 
Mois ture 17 10 3 0 0 0 17 7 0 0 0 0 
Test weight 8 21 1 0 0 0 5 19 0 0 0 0 
BCIM 14 10 4 2 0 0 4 16 2 2 0 0 
Total damage 21 2 3 3 1 0 12 12 0 0 0 0 
Figure 8. Com characteristic distributions by grades. (Each element in 
each of the eight sets is the nunber of samples whose 
characteristic measurement was included in the indicated 
numerical grade) 
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Two major purposes of the surveys were to determine what quality 
characteristics the different groups considered important and to obtain 
relative rankings for nine selected com characteristics. Another 
purpose was to determine com merchandisers* and processors' opinions on 
possible changes in the present com grading and pricing system. 
In order to arrive at the relative ranking of com quality character­
istics, the groups were asked to consider the following quality 
characteristics: foreign material; rodent excreta; stress cracks; 
weevily com; test weight; total damage; heat damage; moisture; and musty, 
sour, or heating and then rank these characteristics in order of 
importance (one being the highest rank and nine being the lowest rank). 
Table 20 presents the pooled ranks for the nine characteristics by the 
six groups. Pooled ranks are an estimate of a true ranking of the 
characteristics. 
Table 20. Numerical rankings of com characteristics 
Country U.S. wet Dry Dis­ J?eed manu­
Characteris tic elevator exporter miller miller tiller facturer 
Musty, sour, heating 4 1 1 1 1 1 
Weevily corn 7 6 2 2 5 6 
Heat damage 6 4 4 4 2 4 
Rodent excreta 8 7 3 3 6 7 
Total damage 2 3 5 5 3 3 
Foreign material 3 5 6 7 7 8 
Moisture 1 2 8 5 4 2 
Test weight 5 9 9 8 8 5 
Stress cracks 9 8 7 9 9 9 
A measure of the similarity of the rankings by the respondents of 
each of the six com groups is possible with nonparametric statistics (33). 
If n items have been ranked by m (m > 2) respondents, the coefficient 
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of concordance W can be used to measure the agreement among the m 
rankings. 
Define 
where 
then 
Di 
n 
m = 
W = 
m 
E r^. - m(n + l)/2 
j=l 
the rank assigned items i by person j 
the number of items ranked 
the number of respondents 
n 
12 Z D^/m^nCn^ - 1) 
i=l ^ 
W can vary from 0 (indicating independence among rankings) to +1. To test 
the significance of W for n > 7, an approximation based on Fisher's z 
distribution may be used. 
z = % logg[(m - 1)W/1 - W] 
z has degrees of freedom f^ and f^ given by 
f^ = n - 1 - 2/m 
^2 ~ (m - 1) f^ 
Table 21 presents the coefficients of concordance and the z values 
for the quality rankings by the six corn groups. 
Table 21. Coefficients of concordance and tests for com quality rankings 
Group W z(calculated) z(tabular)^ 
Dry millers m= 13 0.688 1.642 0.3702 
Distillers m= 10 0.661 1.431 0.3702 
Wet millers nF= 10 0.527 1.656 0.3702 
Exporters m= 11 0.340 0.820 0.3702 
Feed manufacturers OF 28 0.333 1.290 0.3702 
Country elevators m=181 0.281 2.124 0.3702 
^fl = 8,  fz  = 60; Kendall (33, p. 187), 
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Because z calculated exceeded z tabular at the five percent level, all 
the W's were significant. However, substantial disagreement existed about 
the rankings by the six groups as evidenced by the W's which are far from 
plus one. The fact that each value of W is far from one shews the diffi­
culty of specifying a grading system that is appropriate for all firms in 
the same sector of the industry. These rankings also provide evidence of 
the difficulty of specifying quality characteristics for a grading system 
serviceable for all sectors of a commodity-using industry. 
A USDA questionnaire, concerning corn quality and grading, which was 
sent to the com trade in 1969 revealed interest in a new factor of "large 
broken corn". Table 22 presents the response to this topic when the 
following question was re-asked in 1972 in the present questionnaires. 
The present standards for corn include the factors 
'broken com and foreign materials *. Broken com is 
defined as pieces of kernels that will pass through a 
12/64-inch round-hole sieve. It has been suggested 
that large broken pieces of kemels which will remain 
on top of an 8/64-inch round-hole sieve should not 
be included in the factor 'broken com and foreign 
materials' but should be included in a new factor. 
'large broken com'. 
Do you believe that the standards should be revised 
to include a new factor, 'large broken com'? 
Table 22. Response to "large broken corn" as a na? grade factor 
Processor Yes wo Percent yes 
Wet miller n= 11 3 8 27 
Dry miller n= 14 4 10 29 
Exporter n= 12 6 6 50 
Distiller n= 9 5 4 56 
Feed manufacturer n= 26 14 12 54 
Country elevator n=186 122 64 65 
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The response to this question also indicates the difficulty of obtaining 
agreement in an industry on what characteristics should be included in a 
grading system. 
Five corn-using groups were asked to report the quality levels of 
several characteristics which they found acceptable in their com 
purchases. Table 23 indicates the quality range acceptable to each group. 
Table 23. Acceptable quality characteristic ranges for major com using 
groups (highest individual to lowest individual level reported 
for each characteristic in each group) 
Quality Wet Dry Dis­ Feed manu­
characteristic miller miller tiller facturer Exporter 
Moisture, % 12-28 12.5-25 12-14.5 13.5-24 13-24 
Test weight, lbs. 50-60 51-61 54-56 52-57 48-60 
Foreign material, % 0-20 0-5 0-3 0-13 0-7 
Broken kernels, % 0-5 0-lG 0-3 0-10 0-30 
Total damage, % 0-15 0-5 0-5 0-10 0-25 
Heat damage, % 0-10 0-1.5 0-1 0-1 0-5 
Color yellow 0-3% off color NA^ yellow yellow 
Stress cracks, % 0-10 0-25 NA NA NA 
Rodent excreta, % 0 0-1.5 0 0-0.2 0 
Insect infestation, % : 0 0-1.5 0 0-0.1 0-0.2 
Mold, % 0 0 0 0-0.5 0 
Starch, % 70 70 78 NA NA 
Oil, % 4.5-4.8 3.9 NA NA NA 
Protein, % 9.8-13 10 9-10 8.5-9 NA 
Germination, % 75 NA NA NA NA 
a 
Not applicable. 
Agricultural attaches in foreign countries that import large quanti­
ties of com from the United States were asked about existent corn quality 
problems in United States shipments. Usable responses from England, 
Germany, Belgium, the Netherlands, and Greece indicated that the major 
quality problem was the often excessive amount of broken com in shipments 
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from the United States. This problem arises because of handling problems 
in both the United States and in foreign countries. The corn is sampled 
before it is dropped into the ship's hold in the United States port. 
This dropping causes kernels to break as they strike the walls of the 
hold. Spout lines are formed as the whole kernels and the broken 
kernels partially separate during loading. Pneumatic discharge is a 
common unloading method in many foreign ports. This method breaks 
more kernels and fails to mix the whole kernels with the broken kernels. 
Some buyers receive whole kernel lots while other buyers receive broken 
kernel lots as the shipment is unloaded into smaller ships, barges, or 
trucks. If dry com (13 percent moisture) is blended with wet corn 
(19 percent moisture) in order to meet the grade No. 2 moisture level 
(15.5 percent moisture), the load will heat and mold because the 
moisture in the kernels mixes slowly, if at all. Hot spots, particularly 
in spout lines, are especially common if this type of blending is 
done. 
Foreign feed manufacturers are willing to accept a much higher 
percentage of broken com than are foreign com millers. Yields of com 
products are reduced for com millers when their input lots of corn have 
excessive breakage, whereas feed manufacturers are relatively unconcerned 
about simple breakage because they will grind the com anyway. Because 
the value of the com characteristics depends on the user's production 
function and the price of his outputs, an economic explanation is quickly 
available to understand foreign complaints about the quality of United 
States com shipments. 
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EVALUATION OF GRADING SYSTEMS 
Grading systems consist of sampling and testing procedures to measure 
the quantities of characteristics in a unit of the commodity and methods to 
present these characteristic data as grades. The characteristics which 
are measured should be of economic importance to the users of the grading 
system. The implicit prices of the characteristics which the linear 
programming models will compute can be used to determine if the character­
istics are economically important and should be measured. 
Because different users of an input, such as corn, have different 
requirements for characteristics, a different grading system may be needed 
for each user. Any user may also find a different grading system desirable 
as the prices of his outputs change, as the technology he uses changes, as 
the prices and quantities of other inputs change, and as the variability 
of the composition of the market run of the commodity changes. Because 
each of these changes may change the implicit prices for the characteris-
y ctv. wc-i. 0.0 uj. auojt s/ ^  c jliuywi. cu.i.u. 
may gain or lose their status as a characteristic to be measured in a 
grading system. 
The method of reporting the characteristic measurements is as important 
as deciding which characteristics to measure. The lowest-quality-
characteristic method, such as the present com grading system, assigns 
each characteristic measurement to one of several numerical ranges which 
are arranged in order from higher levels to lower levels for each charac­
teristic. The characteristic which falls into the lowest numerical range 
determines the numerical grade, although- all of the other characteristic 
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measurements may fall into higher numerical ranges. If the characteris­
tics have unequal economic importance, a lower grade of the commodity may 
have greater value than a higher grade of the commodity. Lower grades 
also have larger variances of value than do higher grades with this method. 
Alternative Grading Methods 
Alternative methods of reporting the characteristic measurements as 
grades are available. The composite method, the dual method, and the 
specified-order method pro'-zide ways to more openly display the 
characteristic measurements. 
The composite method assigns each characteristic measurement to one 
of several numerical categories which are arranged in order from higher 
levels to lower levels for each characteristic. The numbers which repre­
sent the categories for the lot are summed to determine the numerical 
grade. As the number of categories and as the number of characteristics 
increase, the number of possible grades becomes large. If the charac­
teristics have unequal economic importance, a lower grade of the commodity 
may have greater value than a higher grade, but this result is less likely 
to occur than in the lowest-quality-characteristic method. 
The dual method condenses the characteristic measurements of part of 
the characteristics into one grade and condenses the other characteristic 
measurements into a separate grade. Both grades are reported such as a 
blood type of A positive rather than blood type G which mi^t be defined 
as the A positive combination of blood characteristics. 
Dry matter grading of com provides an example of this dual method 
of reporting the characteristic data. The measurement information of all 
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the characteristics except moisture is condensed into a grade and the 
moisture content is reported separately. This method of reporting the 
characteristic information might be used whenever one characteristic is 
extremely important and the other characteristics are less important, 
such that little is lost if their exact measurements are hidden within a 
numerical grade. 
A grade may be represented by placing the data of the characteristic 
measurements in a specified order. The measurements are not condensed 
into a new symbol, but are merely placed in a definite order. All users 
of this method would accept a standardized format of the characteristic 
data. Modem data processing could easily handle a standardized format 
reporting the quality levels of the relevant characteristics. 
Users Needs Differ 
A grading system for corn may be an alternative to the present system 
if it condenses the measurement data according to a different set of grade 
specifications, if it measures a different set of characteristics, or if 
it reports the data with a method other than numerical grades. A grading 
system for the dry milling industry might specify less damage for each of 
its grades, but retain the present grade specifications for the other 
characceristics. A grading system for feed manufacturers may want to 
measure protein content in addition to the present characteristics. A 
storage quality system may not need to measure test weight, but would 
require measurements of moisture, damage, and broken com and foreign 
material. 
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Abolishing numerical grading and replacing it with, the specified-
order method would be a departure from the present com grading system. 
This method of reporting the data would retain the advantages of grading, 
including operational and pricing efficiency. Blending of similar lots, 
reduction of spoilage risks, and facilitation of volume processing and 
merchandising operations would be several advantages promoted by having 
the characteristic measurements directly available. 
Table 18 showed the change in com quality during movement from farm 
to export markets while Figure 4 displayed the annual variability of com 
quality in inspected com receipts over a ten year period. Table 20 
demonstrated that different major merchandisers and users of com rank 
characteristics in different orders while Table 23 listed the differences 
in acceptable characteristic ranges for these major com buyers. These 
data indicate that each user may have his own desired set of numerical 
grades. 
The results of the applications of the linear programming model 
demonstrate how the implicit prices of characteristics may vary for each 
user of com. These results also imply that each user may have his own 
desired set of numerical grades. 
Specified-order Method Accommodates Diverse Needs 
The simplest way to accommodate these diverse grading needs is to 
measure the characteristics and report them using the specified-order 
method. The specified-order method could be used in conjunction with 
one base specification of characteristic measurements for purposes of 
price reporting and futures trading. Present specifications for 
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U.S. No. 2 com for test weight (54 pounds), broken com and foreign 
material (3%), and total damaged kernels (5%), and the moisture specifi­
cation for U.S. No. 1 (14%) would be the most acceptable base grade 
according to the responses to com industry questionnaires. A lot of 
com with 16.2% moisture, 55 pounds of test weight, 2.5% broken com 
and foreign material, and 4.1% total damaged kemels would be reported 
as U.S. 16.2 - 55.0 - 2.5 - 4.1 rather than U.S. No. 3. 
The Specified-order Method and the Linear Programming Model 
The specified-order method of reporting the characteristic measure­
ments would provide the quality data in an easily accessible form for 
modern data processing equipment. These computers could quickly determine 
available stocks of characteristics held by the firm and compute implicit 
prices for the characteristics using the linear programming model 
developed in this thesis. 
The linear programming model illustrated in the empirical analysis 
chapter would have several uses for com merchandisers and feed manufac­
turers. If the stock of a characteristic was small relative to the need 
for it, it would command a relatively high shadow price. The firm would 
then either buy commodity lots that contained ample amounts of the 
characteristic or search for cheaper substitute inputs that also con­
tained the characteristic. A grain elevator with ample stocks of clean 
dry corn may want to reduce its discount schedule against corn with large 
amounts of damage in order to acquire damaged com for blending purposes. 
Although the specified-order method would abolish numerical grades, 
grain elevators would continue to have the opportunity to blend to 
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specifications. The base grade probably would become the typical 
blending specification, but other characteristic specifications could 
be requested by buyers. Because the base grade is suitable for storage 
and almost all uses, premiums probably would not be paid for com 
exceeding the base specifications. Buyers would have the option of 
using flexible discounts for lots not meeting the base grade. Implicit 
characteristic prices derived from linear programming models could be 
used to determine discount schedules for characteristics although custom 
and competition probably would reduce the frequency of changing the 
discount schedules. 
The linear programming model can also be useful in finding implicit 
prices for characteristics such as starch or protein in specially grown 
corns such as waxy maize or high-lysine corn. The implicit prices for 
characteristics may also be helpful in guiding com breeding and produc­
tion if the implicit price for a characteristic was large for many com 
users. The linear programming model may also be used for obtaining the 
implicit prices for characteristics and evaluating grading systems for 
other commodities such as soybeans or wheat. 
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SUMMARY AND RECOMMENDATIONS 
Recent large increases in national corn production coupled with 
significant changes in com harvesting and handling in the United States 
prompted this study of quality in com marketing. The purpose of this 
research was to investigate the economic rationale for grading systems, 
to develop theoretical models for pricing quality characteristics, to 
gather com quality data, and to evaluate alternative grading systems. 
Production trends, harvesting and handling changes, and utilization 
patterns were presented to show the importance and diversity of the com 
industry in the United States economy. The marketing channels for com 
were identified and the development of the present United States com 
grading system was presented. 
The functions of grading systems were stated. A discussion of 
quality and grading systems was followed with an extensive discussion 
about agriculture commodity grading. Criteria for establishing grading 
systems were evolved. 
Four theoretical models of pricing quality were developed. Hie 
single output model was based on the classical economic theory of produc­
tion. The multiple output, independent production function model 
permitted quality characteristics to be incorporated into more than one 
output. The statistical model provided one method of estimating prices 
for characteristics, using linear regression. After a discussion of the 
elements of linear programming including the properties of duality, a 
linear programming model was developed for pricing quality characteris­
tics . IVo applications of the linear programming model were presented. 
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Two independent types of primary data were collected for the appraisal 
of market com quality and the evaluation of alternative com grading 
systems. Physical samples of com were collected for the determination of 
com quality at various points in the marketing channel. Grade factors, 
mechanical damage, breakage, and germination distributions and correlations 
were determined. Questionnaires were mailed to six major sectors of the 
com industry to obtain information and attitudes about com quality and 
alternative grading systems. 
Grading systems consist of sampling and testing procedures to measure 
the quantities of characteristics and methods to present these character­
istic data as grades. The existence of a grading system implies 1) the 
commodity has one or more characteristics which can be measured or classi­
fied and 2) more nearly optimal allocation of the commodity among its 
various uses or users is made possible when the characteristic data are 
presented as grades. The characteristics should be easily measurable at 
reasonable costs. The difficulty of choosing which characteristics to 
measure in a corn grading system was illustrated by the low coefficients 
of concordance for ranking nine characteristics by various com users in 
Table 21. This point was also illustrated in Table 22 by the extent of 
the disagreement on whether to add a new characteristic of "large broken 
com" CO the U.S. com grading system. 
Even if agreement were reached on which characteristics are important 
enough to measure, different users still find different amounts of charac­
teristics acceptable as was shown in Table 23. The inferences made from 
Tables 20 through 23 are that characteristics have different economic 
values for various users and for various uses. The multiple output model 
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showed that the implicit price or value of a unit of characteristic may 
vary with the price of the output in which the characteristic is incor­
porated and with the technological relationships of the characteristic 
input to output. The statistical model and the linear programming model 
are two theoretical bases for computing the implicit prices of character­
istics. Characteristics with large implicit prices should be included in 
an input grading system because these are the economically important 
characteristics. If implicit prices of characteristics vary widely from 
user to user and from use to use, it may be impossible to define 
numerical grades that maintain rank-order relationships of value, and 
the condensation of the characteristic measurements into a grade may 
create more confusion than it eliminates. Numerical grades may fail to 
disclose the characteristic measurements needed for the calculation of 
premiums or discounts. It is recommended that: 
1. The present numerical grades for corn be abolished. 
2. The characteristics of moisture, test weight, broken com 
and foreign material, and cocal damage continue co be 
obj actively measured but be reported ^vith the specified-
order method. 
3. A base grade be established for price reporting and futures 
trading purposes with specifications of 14 percent moisture, 
54 pounds of test weight, 3 percent broken corn and foreign 
material, and 5 percent total damage. 
4. The linear programming model be used by corn merchandisers 
in establishing discount schedules and com marketing 
practices. 
1, 
2 ,  
3, 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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APPENDIX A: COREELAIION MATRIŒS OF CORN QUALITY MEASUREMENTS 
Code for variables for 
correlation matrices 
Grade factor: 
1 
2 
3 
4 
Mechanical damage analysis: 
5 
6 
7 
8 
9 
Germination; 
10 
Breakage test: 
11 
Quality 
characteristics 
Moisture, % 
Test weight/bushel, lbs. 
Broken com and foreign material, % 
Damaged kernels, % 
Broken corn and foreign material, % 
Broken com, over 12/64 inch and less 
than whole kernel, % 
Whole kernel with major damaged pericarp, % 
Whole kernel with minor damaged pericarp, % 
Sound kernels, % 
Germination, % 
Breakage, % 
All correlations have been multiplied 
by 100 to simplify the presentation. 
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Fall producer-delivered com 
1 2 3 4 5 6 7 8 9 10 
2 —61 
3 -04 —08 
4 -11 -21 16 
5 05 00 89 01 
6 -19 -17 36 13 40 
7 -02 02 29 -11 27 20 
8 -05 18 04 14 04 03 -09 
9 03 -14 -35 -06 -35 -30 -56 -75 
10 32 13 -20 -38 -14 -40 -07 -24 27 
11 -21 -10 58 26 58 55 22 20 -41 -67 
Winter country elevator rail-shipped com 
1 2 3 4 5 6 7 8 9 10 
2 -04 
3 03 -06 
4 04 08 64 
5 -10 -05 62 51 
6 -21 -19 23 02 34 
7 -01 -14 35 05 33 27 
8 -46 29 07 25 17 -23 -29 
9 51 -15 -37 -32 -53 -23 -34 -75 
10 03 33 -45 -24 -19 -30 -20 06 14 
11 -45 -36 48 32 36 49 23 09 -37 -63 
Winter terminal elevator boxcar--received com 
1 2 3 4 5 6 7 8 9 10 
2 -15 
3 -56 -20 
4 -25 —06 14 
5 -17 -34 83 13 
6 -06 -39 62 12 70 
7 -25 -56 55 23 41 47 
8 -41 -06 31 32 17 01 28 
9 42 35 -61 -35 —48 -42 -70 -85 
10 19 53 -41 -24 -29 -23 -52 -43 58 
11 -39 -51 66 24 56 57 71 36 —68 -62 
Winter terminal elevator hopper car-received com 
10 
3 
4 
5 
6 
7 
—8-
9 
10 
11 
-uo 
-11 
15 
03 
-29 
-65 
-70 
71 
21 
-62 
19 
24 54 
08 94 66 
21 75 44 74 
31 28 22 23 54 
10 17 31 03 19 59 
-20 -47 -45 -37 -57 -82 
09 -38 —36 -38 -40 -49 
27 54 41 45 66 63 
-89 
-50 
60 
61 
-77 -49 
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Winter terminal elevator rail-shipped com 
1 2 3 4 5 6 7 8 9 10 
2 -21 
3 -15 -21 
4 20 -16 -28 
5 01 -43 42 -33 
6 -23 -01 08 -32 32 
7 -09 -01 -19 27 -33 -36 
8 -13 37 13 -12 -11 -12 —18 
9 30 -29 -12 17 -01 -22 -18 —80 
10 31 22 -25 -10 -23 -12 -13 11 06 
11 -18 -49 27 -11 20 26 -07 -09 -02 -21 
Winter unit train-shipped com 
1 2 3 4 5 6 7 8 9 10 
2 -57 
3 29 -01 
4 -02 12 20 
5 43 -21 64 -07 
6 31 -04 59 35 49 
7 -31 46 10 14 —18 05 
8 -20 03 -50 -13 -56 -64 -19 
9 08 -24 -09 —18 13 -15 -37 -51 
10 -02 12 03 -25 20 08 -13 -22 25 
11 36 -31 60 29 47 64 -12 -50 08 01 
Spring truck-received com at Mississippi River Bargehouse 
1 2 3 4 5 6 7 8 9 
2 19 
3 -32 -37 
4 06 -42 11 
5 -19 -34 91 02 
6 -14 -34 23 17 17 
7 11 -33 24 45 25 65 
8 -24 -20 56 -06 58 07 22 
9 14 38 -58 -21 -59 -57 -76 -77 
10 -41 39 -03 -35 -09 -13 -41 -11 29 
Spring barge-shipped com at Mississippi River Bargehouse 
1 2 3 4 5 6 7 8 9 
2 ' -55 
o 
•J IS -25 
4 ' -23 18 -17 
5 29 -32 87 -23 
6 27 -35 46 -39 52 
7 08 -34 61 -01 44 47 
8 04 05 -13 32 17 00 -15 
9 —18 31 -52 -07 42 -62 -70 -54 
10 -26 47 -56 10 51 -39 -81 08 61 
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APPENDIX B: CORN INDUSTRY QTJESTIONNAIBES 
CONFIDENTIAL IOWA STATE UNIVERSITY April 1972 
IOWA GRAIN ELEVATOR CORN AND SOYBEAN QUALITY 
AND GRADING QUESTIONNAIRE 
I. QUALITY FACTORS 
(1) Consider the following lists of com and soybean quality charac­
teristics and then rank them from 1 through 9 in order of 
importance to you, as an elevator manager. (1 being of most 
importance and 9 of least importance) 
Com Soybeans 
Foreign material 
Rodent excreta 
Stress cracks 
Weevily com 
Test weight 
Total damage 
Heat damage 
Mois ture 
Musty, sour, or heating 
Foreign material 
Oil content 
Splits 
Protein content 
Test weight 
Total damage 
Heat damage 
Moisture 
Black, brown, or bi-colored 
(2) The present standards for corn include the factors "broken com and 
foreign materials." Broken com is defined as pieces of kernels 
that will pass through a 12/64-inch round-hole sieve. It has been 
suggested that large broken pieces of kernels which will remain 
on top of an 8/64-inch round-hole sieve should not be included in 
the factor "broken com and foreign material" but should be 
included in a new factor, "large broken com." 
Do you believe that the standards should be revised to include a 
new factor, "large broken corn"? Yes No 
II. SAMPLING AND GRADING 
(3) How many of each of the following types of grain grading equipment 
does your firm own? 
Number Owned Brand Name 
(a) Mechanical sampler 
(b) Moisture tester 
(c) Test weight scale 
(d) Grain sieve 
(e) Gram scale 
(f) Grain divider 
(g) Probe 
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(4) Do you have a mechanical sampler for sampling outbound grain? 
Yes No 
(a) If YES J what percent of your rail com and rail soybeans do 
you sell on origin grade? 
Com % Soybeans % 
(b) If NO, do you plan to acquire a mechanical sampler within 
5 years? 
Yes No 
(5) Approximately how many man-hours per year are devoted to sampling 
and grading grain at your elevator? 
Inbound grain hr/yr Outbound grain hr/yr 
(6) What percent of the total inbound samples of com and soybeans 
are evaluated for each of the following factors? 
Com Soyb eans 
Moisture 
Test weight 
Foreign material 
Total damage 
Splits XXX 
% 
"% 
% 
% 
% 
% 
'% 
"% 
•% 
% 
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(7) What is your discount schedule for com and soybeans? 
[Feel free to insert a printed copy if you have one available.] 
Mois ture 
Test weight 
Foreign material 
Total damage 
Splits XXX 
Other (specify) 
123 
(8) What were your com drying charges in fall 1971? 
(9) To what moisture level is com which you receive in October-
November dried for storage? 
Duration of Storage With aeration Without aeration 
(a) until April 1 % % 
(b) beyond April 1 7» % 
(10) Would you be willing to buy soybeans on an oil and protein basis 
if a fast, economical, and reliable method of oil and protein 
determination was available? 
Yes No 
(11) Approximately, what is the average number of bushels of corn and 
soybeans received by your elevator per year for the last 3 years? 
Com bu/yr Soybeans bu/yr 
(12) What changes would you like to see made in the present grading, 
pricing and sampling systems for corn and soybeans (i.e., number 
of grades, grade boundaries, discounts, premiums, inclusion of 
naf factors, exclusion of old factors, sampling procedures, 
grading administration, handling charges, origin grading, etc.)? 
Feel free to indicate changes you would favor at all points in 
the com or soybean marketing channel. 
Com 
Soybeans 
Name and title of person completing questionnaire 
Name of Elevator Town County 
Would you like a copy of the results of this questionnaire? Yes No 
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. Com Processor Questionnaire 
(1) Please consider the following list of com quality characteristics and 
then rank them from 1 through 9 in order of importance to you, as a 
com processor. (1 being of most importance and 9 of least importance) 
Foreign material 
Rodent excreta 
Stress cracks 
Weevily com 
Test weight 
Total damage 
Heat damage 
Moisture 
Musty, sour, or heating 
(2) The present standards for com include the factors "broken com and 
foreign materials." Broken com is defined as pieces of kemels that 
will pass through a 12/64-inch round-hole sieve. It has been suggested 
that large broken pieces of kemels which will remain on top of an 
8/64-inch round-hole sieve should not be included in the factor 
"broken ccm and foreign material" but should be included in a new 
factor, "large broken com." 
Do you believe that the standards should be revised to include a new 
factor, "large broken corn"? 
v go mq 
(3) What is your present discount schedule for corn? Discount 
Moisture 
Test weight 
Foreign material 
Total damage 
Other (specify) 
(4) What is the moisture level you find optimal in com you purchase and 
store? 
Purchase % Store % 
(5) If you are a dry miller, what percent yellow com and what percent white 
com do you process? 
Yellow corn % 
White com % 
100% 
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(6) Please consider the following list of com quality factors and then 
indicate the level of quality you find acceptable in your com 
purchases (e.g., 0-3% foreign material). Please write NA on the line 
if the factor does not apply to you. 
Quality factor Acceptable quality level 
Moisture 
Test weight 
Foreign material 
Broken or cracked kernels 
Total damage 
Heat damage 
Color 
Stress cracks 
Rodent excreta 
Insect infestation 
Mold 
Starch 
Oil 
Protein 
Germination 
Other (specify) 
(7) What changes would you like to see made in the present grading, pricing 
and sampling system for corn (i.e., number of grades, grade boundaries, 
discounts, premiums, inclusion of new factors, exclusion of old 
factors, sampling procedures, grading administration, handling charges, 
origin grading, etc.)? Feel free to indicate changes you would favor 
at all points in the com marketing channel. 
Name and title of person completing questionnaire 
Name of Firm City State 
Would you like a copy of the results of this questionnaire? 
Yes No 
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APPENDIX C: LINEAR PROGRAMMING - SAMPLE CONTROL PROGRAMS 
(1) Basic Sample Control Program 
PROGRAM 
INITIALZ 
M3VE(XMTA,'NAME') 
MOVE(XPBNAME,'SAMPLE') 
CONVERT 
SETUP('MAX') 
MOVECXEHS,'ZZl') 
MOVE(XOBJ,'REVN') 
PRIMAL 
SOLUTION 
EXIT 
PEND 
(2) Sample Control Program with Parametric Routine on the C Rcw 
PROGRAM 
INITIALZ 
MOVE(XDATA, 'NAME') 
MOVECXPBNAME,'SAMPLE') 
CONVERT 
SETUP('MAX') 
M0VE(XRHS,'ZZ1') 
MOVECXOBJ,'REVN') 
PRIMAL 
SAVE 
MOVE(XCHROW,'CHGROW') 
SOLUTION 
XPARAH=0.0 
X?ARI£LT=.10 
XPARMAX-2.00 
PARAOBJ 
SOLUTION 
EXIT 
PEND 
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(3) Sample Control Program with Parametric Routine on the B Column 
PROGRAM 
INITIALZ 
MOVE(XDATA, 'NAME') 
MOVECXPBNAME,'SAMPLE') 
CONVERT 
SETUP ('MAX') 
M)VE(XEES, 'ZZL') 
M0VE(X0BJ,'REVN') 
XPARAM=0.0 
PRIMAL 
SAVE 
MOVE(XCECOL,'CEGCOL') 
SOLUTION 
XPARDELT=56. 
XPARMAX=560. 
PARARHS 
SOLUTION 
EXIT 
PEND 
